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T / ^  z o  
Iif»OSOTI©« 
r#r waw #fei#w« wmteQu, th@ 
wiagltss immt§ hm rnmm Mm fli# iahj#et ©f ,&s attte !»-• 
ftitlgmtidii Ai has Itoii wmlf ©f %h^it wingti 
rtlaflf##* that aaoh MhmM h# thi ©as« !• i«i^s*ifii«, «iiie® 
it if smmMy Agi*i«ll that it if %© Ihtt# ^wlaflisf 
ias«eti that if« mnt l©®k tm "&» t® mmny pr@l)l®as 
thf ©rigiii »^uctai»i« ia,th« liifhtr iaitett. It 
Ig pi»©h&l>lt that, Aa©af ail lifiag' i»a#©tSf th®«» ©t thi 
ilf ltepii*atiaae (thfiaiittFAl mmt «l@i:il|r t© thi 
aB©#itFal iiiti tvm whl@h th# htghtr, iaft®«t« haft 
(fillfarii, 'WZB}* Qm mml& 
«xs)t©t, th#i*«r®ri>. that th» fttviiopnttatsl hlstety &t th® 
*#«l3®rs ©f thit fsMlf might hs @f ©tpteial liit«r«it in 
trmim th® «f#lttti@ii #f th® entirt «Xai«. 
Oar lwwi«%® #f t«ir®l.«^»t d»p®ats al»©«t 
entirtly ©a l«|r».eai*g ClSff) «ttt4l«i m Mnimm s&mtmim* 
fh«» hni htta a© i»#®®nt sttti^ ©f «ii« am? my 
#th#r mmn% #i» oM| ©f th® »iila^©logf ®f my ®tti®^ 
•mm%®r &t this faailf • th® fFittmt ft«a^ wa® «t®i4aS£«a la 
®r4«i? t© fill «®*® ®f th® gap® in ®®r to®trl.®ii®' ®f th® ts* 
f®l^«®at ®# 'th® l«iif®^ ifts®®ti. 
Ih 
• iisToiiGAL mmmmm 
It !§• t© fkat tlii gtoftFal tsftiepasn-^ 
tm% fat"6«PR fm sm' Mms ©f wiaal* ai^l veil kaw mmf 
•sijiilarltlti ftffl©iif its a#«feir«. ftoi« Slaaa l#x&pota is ao ®I5» 
•tfptlon. J@w«wr,, fe«@aw« ©f grmt .sis# «ii dlftrflty of 
All miml m mi0t mZs^ m flad «©i*« than tftt 
agttal mmhw 0f ,tariati©iii tlit 
pattern f®r » ©lasi ©f mlmmlB* flil« itlt# it trte @f th® 
.i®jEii,P'©Sa, ifh«a ©nt t^^arts %M with tto® 
lilgh«i»'grtiipi @f 
A wmim ©f the ittatlg @f @f tli® i^west 
l,iii®©t®' iif^t l>® #f in gainii»i «a tittt«rttaa41ag of lii® 
iiiflttry ®f -th® higher |a#i©ti. fmm 'th# atmA-^ 
pelnl ®f th® #rliia ®f Ih® Olmii la.s®tt» 1% If of 
iatfrfS't f® ®e«p»r® tht 4»T«l©pa®Rt #f il®a®ly 
arttor©pod«,. stttto aa th® PretttTa ani Syapliyta, with th® 
f®if- a®t«il@<i .itttdlfts ha^e hmm. m$,% ©f th«a® thr®® 
gi*©,iips. la fm«t, ther® Is ]a®-s®®©wt @f tfe« «atof®3i®iy ©f 
tM fretara,. &»4 ©nly ®ii® tf^hylia, asSlM*' 
to«®a sttttl®! Cfiegi.,' 19401immg %1m Q®ii®ato6l&.. ©»® ®x-
®®ll®iit stma^ Ctliillptg®h®iite©, Ifltl #f latltm® eia®g®® pr®*' 
vltfs.th® ®iir te#i#l®ai« ©f that |pp©«p,' aXth^^gh 
Olayp©!® ilS@S) mm& haf'® aM»t materially. • Tte® 
2 
Thymmw&t wliieli totar a t© t3a« Sfapliy1.a 
t^ii p®r^ps aiif last-elg, littl® kii©im «!itoi?y©i®gi-
@ally. U®fmma*B flSiT) st«Af ©f tbt i«fel©p*#at of 
ftaQehaglsai .ia tb® ©aly ©«»• ©f in -^ii @atii*« 
althea^ flit?) stidy @f aad 
CltOi) i»«p©i»t ©ft Maohilis 1» »®ntion«d-
Ol«afftg« ia a©st iii»#«t» is pm^lf .si^»i»fi«iitl. fM# i.i 
tras in 6^®d#a (Ifttl, lisf) ftud Lopisaa <I«,y»©a«, 18ifK 
III thii %yp» ©f iltairsg®! ifg^tie whieb lits 
R#w %h« ©«»%•!? tii® tgf, itvidti i*«p««tdd1,y iiit® .Aaiiglit#i» 
amalfi wiiiilte migrat* %& pti»ifli«^y to gift wtm to m pi»i-
Bftpy 'iisitlatlittB yelfe* In Ii.Qt#aa CPMlipt-
stiifiik©,, itlB) @lmm§9 ii at tim% tttalt imtti* te«0@»iag 
••iip@.rfi«ial. Im 'tliii $yp« tfet «atii*s «as@ di"fM«# antil 
it rsaefats tto# .32 ©«11 stagi, tatli tttteltttt iiiw?©i»dfd toy a 
pft@t@plai*i© #«iFtl©pt utiitli ia turn liii ia tli« Gm%m ®f a 
y©lk fpbfriil#. • fh® imelffttM. *®di#« thm ®i®rat«* 
firit t© tte® «iii»fae« ©f- %m m& thm t& tk@ 
p§riph»3?y ©f tl® eggr leaf'iag tMt fdlk iplit?al«8 ia tli@.©«a-
t«3?i, tkii ftraiiii the Maitala. ti«g« ytperts tiiat 
to &lmr&g$ is St fii?it tetal. 
Mifmtien ®f ©It&^agt to tk^ vtai^al aid# ©f 
•ig git«» »i»« t© tfe® g«ni ba»i la I,ft©iaaa fHayaess# lit?) 
saA is C&tt&edaa ItSf). Im Is®tetta' Cmiliptiil&aiko» 
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fitgi mpmtB six in fetmd MmB%nleTl&t 
l»y«©a.i ClStfl ftttwd tii» mmm aa®te«r ia SiBlSB* toiiiita., 
h0wmm,. Mmm&l ClfSf) mpmt» m 
til# mmt 0ontrov@i?iiil qmBtim la ifet fifl4 ef 
is tUmt &f %M et tlit 
«pitlitliw» I»ym©it.» ftttiid thm% la the 
was f©r»«i ly tli« etllf# f&i« tififla km •%«««*• 
%i@ii®4 toy naiif w©rk®r« «ta@t that tia##. mmtil fl»fi 
(1940) f@aa4 '111® mmw migim trm ydlk ©tili ia Hi® 
piiwlm I© (lift) tm mm&mml 
aid-fttl -ifitliilitta in 6a»ei!Stt wisii fi»#a « ^p»©«^ #f ®#li« 
&%. wtttral f®l« tf %k« itlii lattr B,tgratlai 
iat© t&« .grtl'te. ftellif%,•«&«!© ilMtB) that %h.% aid-
gat ipittoiliwi @f Isoteaa «ri#«# frta mi, »ii«t«3ri©i» 
^tt4i»t»ls ftiit a aiddle .«%»«€. A ©f ritoto«« 
p»lifirat*i twm "tti-ts® titofeoa# lattr suit# 
vith ©«lii tmm til# aiSIl# «ti»«ad t® tmm & ©omlianotts »#«-
•feriiii# sttf»»tiag %k^ .fdlk. toeif Ort^.#pt»*.g tfat ait-
gat ®plth«llm km fettn attributtd tt all tWm .g«» imyei»s» 
A swMiti^:r®f tb# .si©i»s ©f ®,i*ifi® ©f tteis tpittelln* in lit* 
Ortii©pt#i»» aat .©traiiftwa l»« f#aiit at iii#th«r ijoimt ii 
thi« pap«jp iem w%»mmim U 
titli tfct.f txetiitieit ©f tfe® tQmMm ®f tfct dtfiaitiift 
aid-fttt spitli®liai., meh l»fi aisftttt «^istt &^m% tli« 
d#ffl#pa«at 0f «iiteF@s-* lest ©f tfa« 
slal -(Hitetieas to 'th# miglu &t ftFuttsareSi mtMw 
%hm tfeilr iafeseqaeit t«T«l©p®#at, Umwm&l it9W) glvts a 
brl«f aitTOssiois ©f tb® lapertant ppefeltut in immt 
iabi»yol©gy, tegetfa®? with a wevy ©ouplet® hiMiogmphf • Qf 
%h9 mtim t® 1§3S.' 1® lists mm smm totofA 
paptra. Jeliawiisa •«€ Wmt% C1941) all® iii©lttit m «xe.®lleiit 
l^reliegrapl^# 
fm paptrs eeaatimiiig 'tli® tafeFftlogf ef th^ Apt«ryg©ta 
will to® f©tt»d ia «itti®i* bi^liograpliyt for ftw haft 
t)#®w pttMi«h«d. lately©l®gi®al lBfo«iiitl®ii m %h9 L®pi®» . 
aatits® it limltf-A t© ©i® 'm t^Qii.aii Cltpi©af., IS©*?) • 
Ofevif'ttsly, ®®r® mrk «-iiat toe 4da@ on tfe® tatoi^oltgy ef pria* 
itiftly wiagltss iftittts' if »# ai*®' to hme a totttep^ wd®i^ 
standing ©r ©i^aa0g«a®sis .in tkts# t&ms «iid ©f tli® wrolm* 
%tm of til® Mgtor gpoiip®, 
Ee@@n'l patoli-satiott® ia the field of d®s®yipti^® inamt 
«mtoi»yolc^y ineiiid® tto® w©r& Qt #®®g fltsg^ 19S3I on lb® teosk 
t©tt«® CP«©®opt®ra)i Pifli llM'Tm, im'fh,. 194S, wm) m tit® 
slitep tolon^fly C§alllpli®Fida«), and Irmtts® Clt475 on tli® 
iMSSlSE* Cli4t) feat a ?«i»y fin® a®* 
aemt ©f tli® mml&pmwnt ©f tM® »ilto»®®d toag,, OR®o-t?«a.ttts 
8 
Kkfmikm Aic 'mfHOBs 
Tia® ln'lhli itttOi mv& laid toy fhmwm%i& 
d0»®gti#a th# mmm Iteti# iassets 
t»« mp% wewy t@w#nientl^ iii ®f eoiislaiil; t®rai>«ya* 
m& taldlty CMms,- 1©S3 )* m that «fgs aay l>® ©!»• 
taiatd #f knew® «g« ant In Itala mm, tM admit § mm 
©eafiaed ia 12 liiefe te®wl«t wiiish ftrlpt ©f pap«r mm 
plaetd m wtr# te®pt ia & larg# inmhmter 
with'A t®^«ratiii^ et •€!. Sxpos»4 e©ot&i«®i'S ©f wat«r 
w»i*® plaett at &m tut, aM®r a «all faa, s© tbat ^®. 1mi»-
idity w&® aaiatftinti at pmm'mt* Wrm 80 t© 200 atelts 
mm ktpt ia a •feeirl. fb®y i«3?« f«-a & dt®t #f s y®ast 
aat r@ll«4-®ats* 
m®a ®ggi if®p« ntttodi s»all wads ©f ei^ttoa w®r® plm@«d 
in tht liiwl® f@y either two ©r tliF®# feiottP p0j?i©ds» fte® fir®* 
"fepati, ®ft®i* to fe©ar ©y tw©, d«p©sit«d tgf« in tli® ©#tt©ii. 
fli® ©©tt©» ®©aia tli«ii to® r®a©vtd te tefsrat® ©©utalmers ia 
th® ineatoattr' until tli® .r®qitir«d ti«® iatttbatioii liai :• 
pa«i®d. 
iggs iftr® fixid tw 10»gO aiiiat®® in h©t (6i-'K3® 0.) 
i®ttiii*8 fluid, aft«3? to«iiig piiMtiir@d witto a #hai*p a®©die, 
ftBd w®,r® it©^d la fO p#i»®nt aleefe®!. Iggt whi&k w«i»e 
a«r@ly stewd ia di®3£«® witlieitt p3p®li»liiai'y fixatlsn ««r« ii®t 
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®gg If ©llSptloAl la Aap®, t%& i©ag 
aireraglag Ir lb# n®l^l5©rh$©a ®f 1 »«., tna tbt ibort#'*" 
appftxlamttlf 0»S M« Ptmrly. wteit# "Am first laid, it mm 
totgiiii t© mntil, J sit "btftJ?® batelilttg,. it i« taa# 
the mmly laid #® is p«rf«§tl| smmth, mm bifhly ttirgia. 
Al«,©it m prmmm is rt<|iiir®t-1# raptar® tb# @fg "b«$aii«® 
•®f its fw&t internal pi*«flsaj*#j arepping ef a ii»wly laid #gg 
f©r a iiitsae® ©f tw© iitihti to a t&M® t@p sm&tim&a eaa»®s 
it t© i»apt«»®. At tM« fgg •ag«»# i^ l©sts i®B« ©f its- tar-
fiditi', m& tlj« rnmlm rttietilattt intd feMdffti ©f 
tisf li«jiag©iial fitii «"?«» ®©i?« &§«, th«s« li«3Ci«©nal 
ai?«ai ^ee€>a»- l«ei ai®ai»iiit as larg® ii»i»®gttlar wriakle# Im 
til® ©b©i»i@ii feiiilt frm tfe® steiakag® tf tb« «,gg ©©attats^ • 
fli® «fg« »i a©ii-allli«il¥». 0id fariationi in «fg ©bap® may 
to# a©t«t ^©©easleaally. 
fk# siit@rl©r ®»d ©f tlie egg is sli^tl^ m&m pointed 
%hm tb# p®gt@*»i#r, mid it it at thi# tad tbat tbt Mi@p©pyl® 
is l®oat®d.- fb® egg if f©ffl«idist an-fiitial in that it is not 
fimtt®»«d d@FSftlly, a® art te »«3r instet ®ggf» 0»®s §«©• 
tien« ®f isfwly laid ®fg« »« #ipe®iar* fb® doi».®®-v®iiti»al 
Pftlati©.!!® of tb® ®gg ar® net i«a«dlat«lj apparent, aad do 
net te®®®a« i© aatil tb® btgins t© fera. It will b® 
II 
t© tli« hmSk lt«« vtatral 
t© lilt tad tto# «gg. 
mm tfe® is first lain tli# 
CpwiplAM) is ©Jteetitiigl^ liBitll,. A tfein 
atttfe^aa® is ptmrnt^ tM# f®lkf Iggs »«©tl©ii®4 
2-3 ftfttr ©al^f ©»• aa.ilstis|, m&f> tfe@ mister 
©f 111# tgg^ frm wfe&t 1«. ©f iialarmti©'!! .and f®rtlliKa» 
%lm in &tk6r tmmt&f %% s.mm» prdla'bl# ^at tfa«g® mmt» 
'hm%^ »lTe&€j wA that tlili is tht« Efgotf 
Clsfttag® fmrnsktim 
%y tli« tint til# «fg !• f-8 ©14, ©r t®a 
3att®l«i mn 1st «««ai «©#% @f wMth $.m im aitosif^. flit phases 
©f »lt@gii &m ijatlestiag •fMat th® elt&faf® di¥iil©iis 
art net 8©a« ®f thi art m ^st l©<iat@d 
at tlis ptiPlptotfy ©f tb# tgg,. %m art •eatt#p@t a©i»f @r l«is 
at l&roughout the central pertion c>f tli« y^lk* 
4t 11-12 hour® ©f iiisabatlun, mmy naelti aif® 
(mm %hm 100)| »e«t ®f wlilisb nm tm&h tli« pt^iplisry (fig* 
II* Mmh attel««», ia#Im<lliig tM©se wliitli art mntw&lly !©• 
it 9mrmm&$iL "bf its own ai*@a ©f aabeaadftfi '©ytoplaeffli 
^ieli mmmpmi^s the aaelta® m itj ©eitwiiM »igi*ati©fi* All 
til® ©®lls «•» stillat©, W% tfa# tyteplaiale ,ft«t#miloas ar« 
aort @r l«si' ©f tht sane Itagth. fiitpt ii d«f iaittly no sign 
12 
©f ntt6l«ar stptaaing t®wai*a tii® p®plpl«sa, wltte 
m&s&e@ ©f ppotoplasffl toting Apagged totbiad* As a o«ll ptaehes 
th« stirfao#, it lotea its stallat® shape and flatttas oat 
paraHtl t© th# ehoriom. As tli«®® otll® flatt®n and baeoa# 
ftFir thin tlJtir ptripliftral' ©ytoplasa ©oa«« int© ©ontaot witti 
tli0 eyroplasa of ©thep fopaing a TOffltoraa#. Ralatlftly 
few aitosss art «©eii whil® thlt flatttniiig {»r©©iss takss 
pls©«. By 18-lf liomri this mm'bmn& is ©©mpltte, and aay 
now to« oalltd tb@ l5la8t®d«r«, ©r primary ©pitiitliaii# 
Although ffiai^ of th# ©©lit migrat# ©atifard to tafe® part 
ia f©riBati©n ©f th# t>last©d«rffl, aoa® rtaain to#hi»d la the 
yolk|, mA tak© no part in it# f©r®ati©R. fhtir atellat© 
shap® gradmally ehsnges so that they he©©®# reaadad, and 
appear sooewhat saalltr# th#s® ©tils ar# tht prioary yolk 
•©©llfl, aad th© aaaaer ©f their aeparatiea frea th® ©«11» 
-foraiag-th# hlastodera i@ •^teristd latra-iritellin® aeparatiea* 
^ f©raiatioa • ©f th« ©era Siao 
SooB after the tola»t©dirm is formed, it® aaelei begia 
to divide. Mitosis does a©t oeoor at a itaifor® rate through-
©at the, egg, hewtver, for ©ella at the posterior ead of the 
egg divide imoh aere rapidly thaa at the anterior, as is ev-
ideaeed toy the nmber of aitoti© figtires at any ©a# tiae. 
As a result, the hlastoderii at the aaterior end of th# egg 
©oasiits of larger, flatter ©elle, while at the posterior 
la 
@m& ©ells ay® m&tlm m& sloitlir paitett (fig* 3). 
By $Lhmt 2i h&m» %hl& diflildn .fttmlti in a §«» ditt afeeat 
1/i »llii»tt» is iiM@t«.p, lying mt mtmme pmt9Tim 
«M., tli« e«llf ®f t&ii tiif f©» a »i«plft @«t>eiial fpitlifl-
iwi, «i-|b tlitii^- Uttslti Ifiiig ®i@s«r t© e}iQfti@»|. «€ tlit 
sajer is©i*ti^.ii, e.f tJitiy iyftplat® iaiil«t ntxt to tli« yelk 
(Fig, 4). g«ra ii®® ##11« ftea iAi#li m# 
«»fef:y# will li»gi» its fii« rsaaittiag #tll« ©f 
tli« a&k« ttp %to« strtsm. fb® i.f| ©f 
an ®«tei»y©iii© rsgiea ©f etlli| itii tsctrm-
mmWyrnle mmWrne #f rftlaliwly laFg®, thin @«11®. 
§&stFttlatita 
g«ll tifisieii ©ontlnttfi i» mMim ©f %li« g%vm. dii®. 
By g6*S@ hmm •on® ®f th&s% ©•lit 'fesfim •wigwttiiif £i»rai*d 
%m&rS. tilt yelk,, ®®©ii i»«g«lti»g itt «. telastedtJfa tfe&t ii m 
Imm^ •<ini-l®y«i*@A. Wmthm tto# it 4tt« t© «m a©--
tiTf mmmmt •©? ®«11«| ©r ~ tlity w® p&iiiftly 
.fiiftoi m 'imwaiPt % «#11 aiviii@tti» it m% town.. 
••Indfiiif toy til® shafts ®f tfa« $«llS|. l>y wiiat i.i toewa -of 
th® Ii#eiiii»i#i ©;f gaitj?ttl«ti®ft la •?trt©brat« •afei»y©i, em 
woald ®*ptet tiiat' tfetF# if mn m%%vm iawspt «©v®»tiit ©f tli# 
sigratiag ®#11«» 0#11 division im its®lf »&y pjpMa®# pp®i-
hm% iiQttld s#®«. iaadtQaat® fer dii*»®t®d aoi^Megtatti® 
»eir®atat#. 
M 
A tm &t th0&* iJiw&M ffi©Tiiig tfillfi brtak away frm tim 
$@m .4i»0 mtimlf, an.d tfe« y©llt (Fig. 2). ffa®®# 
mi»f steottdafy yelk telli. In, ©tli®r plawi, gl©¥ol«i ©f yolk 
s«®« t© b# fey tilt algratlttg e»Hi, amA apptar t® 
Mv0 h$m iumrpi^mt§€ lat© th® «»tory©« Bmsplsg the atxl 
10-lg hears this algratlea mnttm'§&, pm&ming s aiah 
thl0k®r ger® baai (Fig. i|. It,«ay h« tullft a Ibaad Imittat 
®f a dl®e, f&r th® #ahryonl@ rtgl©tt I# gr©wiag la area, 
egpeelally In a •&er§e'^wmtmX dlr«etl©a. It it m l©iig«r 
rftamdj hat h«« he©©«§ tl©ngat#A. By Si^O h©ttri.th« g@m 
haM Is §•? .©ills to €«pth. fh«rs Is aot, h©ii«ir#r, any d®f* 
lalti liiiitr laysr 0t the typ# that It tten & llttlt lattr. 
Btgliiiiimg at about 40 hoert, i©®# ®f tht«® #«11® mig* 
rating liwftrd toward th« yolk h®©©»« l^attd la s 4@flait®, 
tmslly-dlatlogalshahl® Itytri. lying hetwtsu Iht yolk and tht 
r«it of tht ©fflferyo. ®i« otlli of this layer t&w mr^ dt«ply 
atalnlag melfti, aai 'Pas ©ntlre ©tils ar# flatt#««d p.arall«l 
to th® yolk '«d to th« @h©rl#» (^Ig. f)» fh« otlls of th# 
thlok«r, original g«w h&it lit with th®ir long ax#f irtrtl-
ml to this latwiy fer*#d Inatr layer. fh« forattlott ©f thlf 
lay.tr follows »o rtgalar p&tt#rii, m in mmj Imasota (B.tttti 
li4i).. lattsiid,. 0«lii Blgrat®. toard t.o th« Inatr layer froa 
any part of th# ottttr «®hryomle rtgloa« .aerial §mtipm 
ot t.gg® of 44-4S hoars ar# txaiiiiitd, laward aovtWRt »ay h# 
ii0.t«d froa th® t%«s of th« .g«r» hanAi fr©» Its ©#at.@r, m 
1$ 
mm tmm Tktr« !• •»# rtfttlaritr lua 
®%%hm & Imfitttiinal ©# & %wmmsvmm Ali»#©tl©a of pelats #f 
©rlglii e# tlifst @fll« iij ttot m§im* At aw« 
mod mm ttlli rtsieli %M iMmw WMgim-t tmtw ©tgti »••!, a»i 
a Ig feiwta. fto« laa«F layer th&a ftraed 
|g entirtif &s ghwa tTti-ts* 
tellE $§%%•§ 
fwlmef yelk ©r irlttllophags# me protoett tarly 
Inlrafl'ltlllii® iipai*iitl©n* flist It, wtiHt s®wf #f %h<$. 
eltairai® ®#11« alp«m.t® ©mtwmri t© f@i»* Ma-steltrai ©thtra 
r®»alB "btliiat in Hi» yolk, fteli i« a teaatfli «»tli©a #f f®lk 
mil f©i»«ati©n. In. ffei# ®®e«pt«t tm&%im ©f Hi« 
irltell©pli®g« :lg ll^atfactlon ©t %M ftjik, mud tlifi*© is a© 
i»»ftg©n %& tMat this it tliilr fiia«tt©a la ffaggM&teia.. 
i«t#atarf yolk ©ells ar# pretest^ Iftttr, hy liswaM algratinu 
fp®a tlii g«i»m "baad (fig# g|, 'tetgljiminf &t ab^at ES feears* 
Xolk ©«11.8 ia f|iti^@M& t@ a©t i!aw %k% vtrf lArge 
tfisrifeft la mmf iii.i««ti,. 
•I»l3?3r©iile ll«al>raa#» 
ks afeef®, tli# ©l«a¥agt aaolti algrat# p«ri-
plitrmlly t# «11 p©.rll®ni ©f th# «fg, f0»iiig ,& tM«,, ttii* 
tinueas laytr @f e#lli attrr^antlag IJi# f&lk, Bmn. a ftm 
tig© m&y he itatiiigtttslft !» tM t^trtse perttrltr tftA tli« 
ii 
»ff# it li eirenlsr, mmrly 1/2 m, lis tiaa«t«r at gi Meara, 
and om« mil l&ym .im ttiletesis.. tiie ©#11« ©f tli# gtm dis@ 
mm isaliti? .and »©r« ©letely, spft@#t %km tk©s# ©f %M mnt 
®f tte« Iblaittdtw* flit ©f %M telait©d«r»al ©ills 
five ylst t# tli« MwrnsL, iwroaads t&« tgg 
etpt t&v tto« mmpMA %y tto d«v«l©fiag ftufery©. 
A« tfe« mWyQ dtirei'Opi frtii tM §%m diit» it ilafcs mwf 
tllgtotly lat® th* f®lk| mm^f deti it iiak to far 
tkat yelk it i©@attd feetwetn it sad tht dfeorlon, at Im 
I«»Bi.s»& Cl®y9©n«, ISff). As it iimka inward, th« ©dg'ti ©f 
%h@ gtw Isaad gi-rs rls# f© a «i©B»«$tlag %hm 
witii tilt ®®i»osa, wMi«»fe ©a tlit mmtme of th® y®lk. 
fhis atabparat is %M a*ai©a» and at its Jm^ttleo nitli tlit 
mrm& »» femtd very inall .ifff-iaiiisti® f©ldf. • fhs feldi 
m m&h side of tht «tjry© mmp%$%§ly aalti, and toy 
fiU* til# l.«?g#it p0t*tl®a ©f til# mWf& aa-
&0W6Tea, by M aaiii®n Iflg. 1§). -Omly &t 'th* 
%ti»l0r Cfig* S) and poft®i*4@i» •iids it tht #iib3?y® mm 
by an MKioa* ©rlglaallyi, ^«a, tfe® aiiai@ii ii & stabrwi® 
duly a f«w rnimme is widtti. -fb® rti&tlonsiiip b®tir»@B »mi®a 
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©f tm Feiiwiig tii# i# ib® 
©f tli« vtafyal wall lto« ^tultils mmt s© tlist 
®«eli afp.«at®g« pplaiiMiwi li*i m part ©f a co®lo«le sa® 
tittg iowa 4st© It* 
iy tfe# «s€ 0f the third iay tM« tatirt i® s.eg» 
B«atM, tia® pr©e«ag imtiag ato©mt t4 hears.- At that 
tia« tht i«t®aaa« -sr« tait® iigtittet lateral %& tfci. it©a©i«al 
lavagiiiati®ii (f if * 14), f @ll@w«4 poittrierlf lif tke saRtlMdit 
aaxilla## &»€ tli» fnir @f-lR*biml ruAiasmti wliiili lat«r fas®# 
fii,«:ii fell®ir tfe# tfer«t ttieraei# %»$&, ant tli# pltarepeiia m 
til® first aMewiaal s#:pi©Rt Cfig. 133. 
At «b®ttt tii« tia« the it©»©a»tt» itarti t© ia^agiamt#, 
til® labraa ,srif«s Jm«t' nattrier t® it* fkt • la"briiffl begins as 
m iii^l®, atftiaB i*itgiiiati@ii,- mt fir fit leaf aiat «l«M«r, te«t 
witliiB tiir«# tay# it i« Wm&m tfemii it it l©iig. That it ii 
m nafftirti «trtt#t»« igr@«s with ilSf1»} ©bwrvgt-
ti@iis m .MSlStt* ^^ry#l©gi-its g®a®rally agr«« that th« 
l&hrsia, if a®t » tri« ftppeafiag#,- a l©b# of ths head, i© 
t©«l@«ie m$§ i«T«l% in- th@ iabra»» 
Shortly afttr th« flfti#tii liomr th# anttimary raiiaiiitg 
»«• rt$@gai'Mbl# Jast post«ri®r t© the ato«o€«ml epening. At 
th« «si ®f tht thirt 4ay th®y say b« «t«a at &hm% tht saM 
&iit@ri®r»|>©ft«ri<ir li-?«l m th# stoaedttta Ifig, 14}, tfid hy 
th« #iii 0f tht faarth iay th#y mm IteatM «h«ad ®f tht 
»©ttth. fhty^ gmw mpMly in Itagth fintrally aai thtp pos-
m 
terltPly. By slxtli taf %hej art Ito l&rg«s*l mpptrntag## 
]pi»tt®at-©a tht mTBpyt>» At tliis tiia# it Is p©«sifel® 
t® iiitlng»i,ste a l3:i»©mt»r toaial s«ga«Bt fmm th# sl®M«r 
ttralnal portion o,f tine aiit®utta#. 
Beginnings lat® in tto# fifth tay a pair of s»all pr©-
j@@ti©iis my tttti tli« amttmnm# aat tfee .amMil>l»8 
Cfig. ti)» fw© Aays Iftter % M f  liav® disappeartt* 4 siailar 
©.©Mitloii was ©bstrrei liy itfiB^iis la Lttpisma. aiid lit 
inttrprtte-A tli®a. m rtttlMiiti ©f %k» iattrdalsrf mgmmt^ 
H©©«wal fli3?) f©st»A thd #traotur«s in i:^08tst&# msA 
©tlitrg 'hmm fowii thm la to©tli fM® Pttryg©l.a and 4pt«3?ygota. 
m&thm or tt®t pr#ta1a®riiB©«s attsiallj r«pr«s#Ht tb« 
rtttiaftafary s@«©na aat«.aiia« in fliemeMa it «ta®®rtaiii. 
ftet *fffliitel®g art @'rit«iit at alstttt tiit saas tiat at 
th# ©tbtr p@it^®rml app#ndag#t ©f %M fe«at, mat they all 
grew f©r a. s,ii©rf..ti»© at afeoiit tbe sa»« rittt (Fig. 13).. Bjr 
the ©Hi ©f tb# foartM iaf,. Ii©w®f«r, %U6 mnQ.Xbmlax' radiiatats 
ar® smaller tli® f®ll®wiag first .fflaxlllae. I©t mat 11 
til® ©ightli ©r Blfitli &My d© tJisf 'fetgin t© assim® tlieir h®airi«r,, 
ftroagtri apptftrmn©®. 
Th# first aitxillat tlifir appiaraa©# witli 'tli® ©th®r 
l>©@t*©ral app®»dag©8* taring the tiiir€ d»|' Ci'ig^ 13) • O'R 
til® flftli daf tJatf ar# th« largest ©f tiitii tWm pairs ©f 
&l)p®Matf©-i, aiid fr©» tlitir bates haf® ds-rtieftS lattrallgr 
growing palpi, wfeiefci hf mow liavt .i#f@ral dlitimet ®®gii#iits.. 
n 
fto iatoial ratiatiit® IS) a3.M#sl at i*ajp» 
itly 'as tto« first «a«illiup:y app«tagfs« Balpl at 
itfeent tli« saat tl®#. Paring th« i-tvtafli §Af tlit paired rad-
iatats «©f® Mtti&lif aad tm@ to fmm a singl#. •laMm. 
, fh» %hrm tto©r®ei« l#ga h&m a «|«ilar #rigla» mA » 
lik« rat# ©f dtvtlopatBt.: Ttotf me first retdgaita'bl# at 
tli« -tni ®f tht- ittoBt tay, aat terlRg tte« tliirt $Af tli# 
©f tout ftRd thowmx s»e» alaest imntiml {fig. 
13). iy tilt fifth day, h&wmwf tli«y ar# feeffa tereattr an4 
loiiftr %hm til® M«.ai &ppta4agtS|. «€ fe«giii t# shew atfiait® 
itg»,«ntiitl©®. f$r s©«t ti«e tfe# art a©t gr«&tly dlf* 
t§mnt • i» ««®i>t fer tli# ttoorttr trttbaat-tr. 
fM appdatsfts #f tM® first i."bd©»insl fe^«mt, th# 
fl®ar#p®ai«, haft •f®ry app#araa«i ®f- btiRg the glaaAatl®** 
itrttitttr®# 4«siri1iti ia ©tfetr iaststs ffifi. SI, 2g). fMy 
firtl prdtrmti frea th« watra% 'fttrfait iFig. U%)t thm 
Mlmlf $ink iiisit* tii« (fig* 22) ®jit to®@©«« ime^lik®. 
^ftfeir tte«y f«€r«te m tiatofetisf m iliftr kas 
i«M0iiitrat«t in tfe# gritstliepptr*, fttai ®xtr«atly idtttetfalt 
fer ility i.iimpp«ar tmriag tii« fiftli .tay. Xb lttii«y*i Ciiti) 
pap®r ^©li pl«t»0i#aiii ife© eentlmats thmt they ar# pair«t 
appendagis d#irtX©piiig fmm f©©t»lik» rmdiffitat® #» tfa® firit 
atodoffiiatl itgaeat, aM ar# ««rially litii©l©f©tti witlj th« ©tfetr 
apptntagts ®f anl iMrm*' 
CarlRf, tfee tbiri Say,, saalli kii.©fe»lifet &pp®iidag<i pri»» 
23 
appftsi* m 'tJi# tlitrai .aad fiftli ®M#a-
laal alaog:'! CFtg. 13). aayiRf 
tb© fU'iirtii tftf, .apptadagt. priaoi*tlii appear ©a tfe« ilxt.h, 
s»veal.h.| alntb, aad %m%h •aMoaiaaX s«g»®mts atarly 
gl«altan«#asly, M appfatag# prla.©Mia hp!®#, th# ad-
Jattnt Cf«att*al) walls @f tlit ©©iloaie sa@g mm Amm 4©wn 
iato thtir fea®«i Cflg. 1S)» 
la til® iattrvftl th# appfaraa$t of afpeadag® prl»-
@Mla ea alfedoffilaal s®ga®»ts two to fly®, aat th$ apptmraatt 
©f pylaoMla ©a s@g»tats six t© t«a, th« prettot-tal laimg-
ia«tli©n he&mm fvMtat. simultaaioaily tto® mmi 
grew m% trm Ik# «t ©f aMeata. Oa» etrotti 
ariies afe©?# tli® ©ptaiag, th9 ©tiitr %m T&tlsiw it. 
Later, •s^ppm&.&ge primtrtim ttsapp«ar fF@a ateaeaiaal i®g«#ats 
Qm to tin. 
til# t»i»@4 »«• abettt 60 ffll@i»©as leag b«fdi»« tJi# tixtfe 
t© tialfe ®M®*laal s#:gatats l?egia t© shew apptaAag# pria©i'dla* 
©trel »« pi»®X©agatloai ©f tht •#t©d«i'» &t tfe® p©st®r* 
i©r ©at ©f t&t taeii iiafiag a selld M,tg©a«a»al ©or®. 
Sla®© tbty d© aot AtTtlop ©©il®»i® mm^ it ffilglit to® ©ea-
siairsd rnmhtfml tfaat th»y mprenrnt m tlevtatli aMoaiaal 
itpatal. Um®mT, It i« aaanaed that mm boaelogoai-
to th® ©tiiti* i»^«at», sla.®@ aa 0leir«atfe pmir ©f aMoalaal 
faaglla aiits .i«^©lo|>. 
Til® aaaaar of fo»atloa ©f sotioala sa©s hai fe«ea mttt-
m 
ab©T«. lamgiaatl'Stti ef thtt &ls© 
&mm M&pms?@L%lm of tlit lat© soalttf. flieet ,®«s0*»-
diFfflal g©»lt«i gfllt iat© ^snA Itft feal¥«a.|: m tliat meh 
stgffltnt tent Sims a p&tw I fig* W), feem a ^olleidiii 
©at ©f m^h @® tMst teatalas a ©aflty# 
fhsf &» tii»» i»«f«i»r®t t© as t©#!©®!# in#**.. 
A l®t«l ®f Mirtnttttt fain ®f saei aay b# i#«a la 
ftoei*tteMa tarlag its t#velopii«iit. fern pal?* way fee §««» la 
th« thmm in liit thoraxi aii€ %m pairs to tfe® aM©a#a.« 
flioti in tbt litat in th# aatfaniil, aantifealftpi »««i'll&py, 
attd latolal mgmn%a* 1^© mtmmml mm art la^gtF %hm^ tfe© 
iont sitn b® fewiat Ir tfe« lattwalary On# 
pair terms la «a,@li ef tii« mwm ©airi of l#gf ©m tfe« thorax, 
ant ©nt pair t&rm» la «sefe aMominal Of e©«ri«. If 
tto,® e«y©i 8U?# '^eiigiierti t© tte« «i©'r®atfe g«ga®nt,, 
th.«» til® 0X«ir#atii ,aM©«lii&l g«g»#»,t 4eei a©t gl*t i*is« t© any 
©etlemie saes. 
On tto# ftwtli day tto.» «8ilw»y© fepgins. t© ®akt ii<>tl«®&fel.# 
ppogptsf la lateral and d©.p«al g»irtli| #© as t® »ff«®t s@»» 
pi«t» ftletart ®f tM@ fe®dy dorially .ai»©«d tto# y©3ik (fig. It)» 
A$ tli« «@t©d«r« aakti gi?©wtto, It 1« elestly f&ll@w«d ly 
ffl@i©dtMi.| and ai a the e©«l©«l® s&si mm gprn&mlly 
efelittrattd., fht ddrtal walli ©f thd s«©« rftnaiii adja©«iit 
to ttit yelk, and gift plm t© tb® splaaetel© »@.»od@ra* 
vmtml walls ©f ttot sa@« itaala in ©1©«© §©iita@t witli tMi 
m 
®©1©€#rM,^ mA as IM# gi?©ifs apw^sift arottnA %li« yolk, 
%h%f tern' smst.%i@ ««s©a#w. Tfe® «plaii«tet@ »«i©d«M aldt la 
th% f&mmtim ®f an ipitlitllw aiirreanAtiig t*i« f©lk.. fh» 
so®ati© f©»i ttustlt'i. itedltsi Id a® tii« 
®©®l0«i@ «&©« eteattg# tQ Mplm^hni® m€ toaati© atsodw®, %h»f 
l©s« %hetT itgwtntal mwrnngmmmt^. and turn a#®©-
Blasioklntila 
Barliig 'tli# lattej? half 6f tht feartJi day th# a«r©sa, 
btgluft featFaetimf at the mtmpiQf &M of th9 #gg* this 
piilli the awiea, toward tli® aat«i?i©.r m& ©f th® «gg. Oatil 
thlf tl«§ til# hm» fe«sa «ltttat#d at tto® posterier aad 
©r th« «gg| and with It® fe«ad Ttntral to the aMo»«ii« As tli# 
amaieii Is palled tward tfr® «»d ©f tli« it palls 
til# ©aitey©# feitd flPit^ around ©at# tte# v#iiti»ftl ®«irfa@« ©f 
tfas @gg. fill® palllag mntimm liatll tbe hm& lits at tb® 
&.nteri©r tad ©f tht tgg. fh® itM©al«sl fl®»r@ is wtalned---' 
wltij,0ttt ciisiig®, 4t m tia® during fela«tokl.a@8is- i©«s tli® 
h#®d l®g® ®@iita®t -with til® p#rlph®r|' ©f tti# egg CG©B^sr« 
figi^ 1? m& 18). 
1fe®a tb® fl®r®sal @®lls tli® &at«i»i©r ®at.©f tJa® 
®ig.f tto®f appear't© sink into tii® f@lk and d9g«atrat«. fhis 
resttlt® in a. nasi ©f d®g«ii®ratlag sells at tfe® aiit«ri©r «ttd 
©f th® «ig CFig. 20.), a pr©@#diir# e©aa©» in i»fl«eti. fh® ?©•• 
m 
fl#li uliir# thi# ©©ears Is 6al3.®4 tii® i®©©»iai»j' 4©Ptal organ. 
In ttoft m& mrtmln ©llitr fpo«pi, m -saall ppsap 
of Intngiiiat#© ittt© tk« y0lk mwf mwly, dai'lag th@ 
t^mrntim of th# g6» feand.- lt§ ftttt@tl©B is tiiito©wa. It i« 
®all@d th« priiiaFf 4©3?i.sl m$mi m strttetai^ 
In TfaBW^rf. 
Ai thf ®®i?#sa1 #flls mm aad 4iiapp#ar, 
tfeiy i»«pla@#4 Ijy ©ill« of tlii amiss. fli.« aaaien in th«s 
di»awa ap .areattS th« jolk aai previa®» a teapsrary 'tersml 
el©«tii'®. As i©0« &i T3laftoklii»,sii is eomplitea Ifet iattrai 
isarfins ©f tilt tMbry© gi?©w ap ai»©a«.4 ttit folfe# r«fla©i»g 
aamioa. 
Heart aaa il®©d Otlli 
0aMi#t»la§ts ai*® ftrati at tb# latsral $m&tims of tli® 
tplaaeiiiii© aM teaatl® iitsdt#r», Ag tli« si®sM«» $mm 
warA are-ttBd flits® @«lls art dlitingttlglimfel.i aainly 
toy tiiQir p©siti6n« .&t th® mpp®.p of tli® ©latorye. fkef 
ar® mt iioti®*atolf largtr %hm tli® ©tii«i? e«lls. Oeeasionally 
©»® ©f til® ©ft®n a®iei»ito«4 »®s0eBt*jrtimp®t stll® »ay to® s®eii, 
tottt it is tlie ®««s>ti©n rutiier thm th® ml»»- i©t »til th®y 
r«a©ii tfetii* p©siti©fts • ©pp®fit® «a0b ©tfe«r •i©rsally d© the 
©ar4i©tolaiti. l®#©s« S-gliap#€, nith their ©oaeaf® iid«s adja-
e@Bt. fh® @arii©tolasts mit® to f©r» a tmhulmt htart (Fig* 
SI), th® tti©ii takiag pla©® fi»©» ij©at®ri©r to aiiterier. 
S©eii aft®r th® feraatiea #f e©®l©ai© sa©t, th® aplaa@h« 
27 
alii gw&m mtdially., at wtll as itrie-lattrallyi 
I© tmm a mry thlu 8#f»stlag tfe« yelk from tli# 
mhrfQ. Hit aeaiaa »pme» Jast T#ati*iil '%& -Ifelt Ii 
tilt sia««. Ja this «pa©® aay fet f^aat « ati«b«i» &t 
©•lis «*t ttiaally a® bl©©a e#!!#. 
fhiB tpi-si®wal «inas, ©f fitt® rl.s# le a heao't©#!. 
ftoest BtsQdtmal @#lls ai»« quit®- apparent In ftogttQbia., md 
Hi ar® la iigi*t«a«at witli oth#i» that th#®® will beeea® 
bleot o«lls» Ai l©©wal CliSf, p. 209) says, 
«lt li not posslbl# to assign th« ©rlgla ®f 
bl©0t etlli to 0E« single area sluet leos® »««©-
itra ©ells (prestiaable blood o®ll«) ar« Mt wltfe 
la a Variety of places. Recent w®:ri;irsi h&w@mr, 
are p>nerally afreet that the majority of the bloot 
e«il® aris« fro» th# mtdlan m®soa#r«, aa4 that 
thir® Is «# tirMtae# for th©lr orlgia fro® yolk; 
©tils ©r froa the wails of the heart.-
A.i the aesodera grows apward aroant the yollt# the space 
betweta the iplanchal,® ant gonatlc seioders bteoaes fillet 
with large fat ctlls (Fig. By the tlae that dorsal ©!©• 
tire Is co^aplite and the heart foraed,: these cells oeeapy a 
considerable ««©wt of space latero-fentral to the heart. 
fhe aaciel are rtlatlvtly large, soaewh&t paler than the 
others, and the tells In the preparation appear qalt® empty 
becaase of the dlasoi^lng away of their fat. fhe cytoplasm 
of the fat cells li limited to thin gtrands uhlth for® a 
b©»ndary for the ;ftry large ©tlli.* 
i8-ai 
ta-fnglftatieas sppsJ?«at latt 
la m^v^mie 4tf#l©p»«at, ©.i tfo« slxtli isf* ^egla at 
saall fttodtFiwl invaglaatioas at the @f tMt iii««6t, 
where tii« ttrgM ©ferlaps %hw Btmmm CfIg# Si). A tstsl 
t«ii pairs &t MpimmlBT im&giBatimM ©m« p&ii* ©a 
©aeM of til# two i«fa«ati|, mi w pate ©a «a«to 
&f til# first eight aMoaiaal s»f»-stf. if>a« t#¥«l«p or th# 
h0md &r third tto«raele s#^#at. 
lfi?agt»at4®mi iat© tM #ftlf 
a §hmt M§tmnm h«fem timf art iadlgtinfti»lia%l» fre«' tk@ 
a«@©4«r». Ms tn# i*#pi*©a8#tif®' •fit®*, tilt traelifftl 
Sfgt®ffli appsr#atlf ttattfgets lt« gmwth 4111*18® tM 
stagfs, tMa la tft# ffg. 
la tfe« htgkm iRi««ts fe-ra tills e*fi ©ftta t># aiftlB#' 
galihei «ai»l^, »f#B taring f^raatieu &f %li# gtrs, X» 
S'tieli ®a®s@ th&j #aR fca mm a® a laall 4la^' ©f ©«lls At tli« 
p#,gt»l»l#r @M &f %M ©ff». frea l©eati0» llitf mr# paihtS 
aattflerly tli# d«"r©l©pliif At eo»t-iaaf.s 
^rmth %h9 gmm mtl» to thtli* p©»iti©B 
m %h® «@8©at3m«l geaital i?i4i«s» In th® ©ase f^eraQlia 
ae ©©«©«« if pv$9m%, aat mo tlaap '©f etllt taa h® mm wteieli 
m 
aiflit li« as g«* I©f* awi tli# fsw ttlls 
p»eatl,:r frm ttot others «l aiif tiffl# terliif tlis €•-
in 111# «fi» Aitetrittf t© tha splanelmlc «®s0tewi 
1b tto« aiit©.i»i€ii» *Me«liiftl regions, Jiiit tli® folk^ 
my h% feitM ©Iwpi ©f germ ®@tl» lflg« 23)* 
first §e#n a»lfig tel«st®icl«»8ii« Tiii of %hm® 
©#11» mly largtr tUftn the ©tbtr mll& 
tte«a,^ ttengb^ tfe« ©tooa&tin «»y At tl®«f bs & lit­
tle t«rk«r# i© mprmMetim ©rgaii® ®aa t>« feiini Im %M 
ludleating that mml&pmnt of tfe# gesiaAi aat Inmrp&mtlm 
ot %h9 gwm mils tak# pl&m darl'iif tli« n^i^bal pei«l©i. 
Ueymm Il8if5 tills ©f i«?lf s.tir«fatl©fi 0t §®m ©tlit 
'feat go®! @B t« t»©iat# tiiat ht net trae® 
tii» sewstRt ®f tilt fern stilt t© tk«l3? p©flltl©iis i% 
tb« «a%3py@ tlitf app®aF«€ y«rf slallar t© aeit ©f tfe® 
©tli«i* ©»lls. It® 3?«p@rt ©f •artf i#gr«gstl9» &t 
gii» suit* i» tinsisMa i« la mntmmt mlth th® »®i»« nittiiil 
sitmrntim In tb« tmer wlitrs tti« §«» etlli ©a»fi©t 
fe« tlitlmgalgfefS at ait «m%f iti®#., with tht «x0®ptl#ii ©f 
tmtmm* wlilete liai a tlfftptnt tfp« ®f ©Itaif&gtt 
33. 
Mill tat Oanal 
flj.0 iia,s its ©rifin &s a mlBtits luTaglnatl-en of 
til® #oti>A«i»a atar tli# ®iit#ri©p #nt ©f tii@ tatorjro# and Is 
flrit st«a at abeat 2 1/g dayt ©f d@wl©p«e»t CFig. 84). 4t 
first tfe« iiivafinatl©a preeeedi d©rsally» thm fradaally 
®i;irr0s in a p@ittri©r diraetioa aatil it littts tli# yolk in 
th® ttid-fiit CFig. tS). ffe« mewdewal $»lls lying ia®«d-
iattly ato©ve tli» pQlnt at whieb th® iaward grewtte will tak® 
plme# diiapptar J«it iwrtgliiatien fetglat. OltiiFly 
then, th® fort-gut is f©r»fd fr©ai ®®tod«r«. 
Sooii afttr tfea atemodfal liiirtglnatlen feeglns, tfet «#§-
®d®raal etlls lying Jttit aattrler t© it begin t© preliftr-
at# la a, mmmr as t© eever tfe@ aiitsrior tteaiodtsl wall 
•(Pig. 2S). Not ttBtll tlie sixth day de atsMtraal ©tils 
rtaeii th# poittrier wall ef tli# stonedttia, ^»it soon afttr 
this tti® f®r«-g«t atfttirts a ©©mpltt® atsedtraal ©©fering-
Wkm til® lavsgiaatioa starts to fera, tli# i©t©dtr» of 
tilt itopodt^tiffl 1» tlirtt ©til laytrs. la tlii©te#si. OwrlBg tJit 
tliird day tiaia •©©tedtr® tfelsi out to that tfet gt0»©d®aa it 
liiitd witti mly out ©til Iftytr of tttedtra. ffet thlaaiag 
proetss takt.f pla©« fr©M tht ontiid# ®f tfe« Isedy iaward.-
Tk® blind tad ©f til# fort-gat is ©ofertd toy.a tlilo mtmbraat 
{Fig, 21") i© that itf 1mm Is met In ©ontaet ultli th« yolfcj 
tihii atfflbrara® rmptarti Jait tetfort li»t©hiiig. M© spteial-
iftd proTtntriettlar apparatus dtfelopt la fheraobia prior t© 
m 
mlmion. 
ffe® hlad-gat li f©m«t In a mmer ilill&i* to tli® 
gttti '«3co®pt tli&t It Invaginat#® at tfe« p®itti»l©p #iia ©f til® 
body. It ii first seen at afeoat kowri mr 2-3 feoiirs 
3,at«j? thm %h@ Isteeatt' irislbl# (Pig. 12). In tiit 
mrlf i«v@loi»a«at @f tli# pi»©©t0d«tiii tfe« t#t®a»i»a it tliiekeit 
at its 0at#j? m& smt tiilaiitr at %h® tad te tii# jrolk. 
fliifi i» in eoatrast to th$ t»¥el©p»«iit ©f tfe« .st©a0d«tt». 41-
s©, it is pattoisi* «f©nlj @6¥er»i hy m all sid«s 
^Fig. 26). Oa til® sixth day tli« thiek, post@i»l©3? tstoatra 
ef tb« proetettftl iavagiaatioa Taagiai t© ©vaginat® aersally 
aM vtntrally to fer® peetal ®a@g. 
fh® total l#;iigtli aolil«vt4 fey the pr©tO'd»uffl Is l#8i than 
Imlf th« Itagtla of th® gtoffle4««. ffe® M&li>lglil.aR ttitojil«s 
ali© aPls® as magimtims ©f th« feint-gat (Fig. 30), luad at 
afeotit the aaa# tl«® as tli« r«©tal sa®s (Fig. Si), fii® sit® 
©f tli«li» ©rlgia iS:,a©i*« .iint«-ri®r %h&n that of tii® rmtal 
i&©i, la mrj ©16@« proxiwity t© tte.® aia-gnt. Tlity art four 
itt Bttffite®!'. ' ffa«a?® @aa tje m deiitot &hmt tlitlr tetoaamal ©r-
igin in fherael^ia. fli« pi»o@t®4®al Itaata ii a#p®3Pat«d fr©» 
th« yolk toy a thin »#«toi»an® antil Jtt®t pri©!* to ©eloaieii. 
In ©r©ss-««@ti©n tb® pro©t©d«a® appears triangalar {Fig. 28), 
nljil® th« stonodtiw is «oj?® ©TGid in shap® (Fig. 38). 
Tfet® «anii®r ®f d®T#l©pa#Rt ©f th# aid-gttt ia mmh aor® 
©to80tir® tfaan tliat ©f tli® f©j?« or iilnd-gat. i®fore d©r®al 
3S 
elotar® ©f tia« mhrfQ It e©»pl»tt, th# yolk Is 'csoirertt 
tally %y the itrosa, ana latir, aft«r telmst0kiii.«sii, toy tht 
aMloii. ttitia the ®»terye gm^m laterally ant d©i»t&lly t© 
©l®s# lts«lf m t#p, tli« y«)lk "b0«i©«#i furretiaidi fey a layer 
©f iplanetoiii :W}s#d«r». full f©m§ at Itast a prtTialoaftl 
ald-gttt •«pitM«lltiii» Seon afttr 1slatt©kltt««ls is fio«|sl#t«t, 
tht prQtt©i#« ani- st#»©t«aa ©tn fe® «s«ii pr©Jt«tiiig a ih®i*t 
iistanet Into %M ®ld-gat 1mm* Barlag ttet rtuftindtr of 
ae?tl©f«tiit Istfert li&t©feiiig,, a tm ©tils e«ii stta noTlng 
tway fr©« tfe« tefettrs ®f tfctit iairmgiftatleiis, and aigratliig 
ald»g th» inildt ©f tii# txistlng^ provlsloaal alA-gat tpl-
thfliua. ffe© aaMbtr ©f saefe ttlls Is rslati^tly a»all, and 
©trtalnly is not ntarly larg© mm^n t@ pr®^ia® a .eoapl#t» 
»14-g«t tpittetlltia. 'liattr, m tlit ttnth aiit #l@^«ntii aays* 
soffit of tbt y©ife e«ll« ©aa "b® stta apprtaehisg tli® t«ap©rary 
ald-gttt fpitlatllttii, M thete e«ll® rtaefe III# paripbtry ©f 
tli« al4-gfitt| tliay appaar t© flattaii oat and "bae©®# a part 
of th® apitfealliiffl' CPig, 41). Tlia t#tel iiii»¥#r ©f eallt to 
1s« :8#tn •. ia til® «M-.gmt apltli-tllait at tli# ti»® ©f hatoblng, 
hmsver, <l©e® not apptar t@ hw taffleiaat t© forii tfe© typt 
#f atfinitlT® eplthtllaa tliat me algfat axpaet to fltt4 la 
tli® adttlt. 
Oa tli# bails ©f tbatt ©bi®rfatl©ai, It appaars Ibat 
tht Aafinltlirt «id-pit aaaferaa® ariias .frcw %m souraesJ 
(1) ^rolifaratlott® trm tht mto&erm of prmt^^m a»4 item©-
u 
a®a», ana, (2) ©tils-.algratlag ptrlphtralli fmm tiie yolk. 
It ¥©alt stem that hf far tH# lai»f®i» tlar® of ®#lls have thtii* 
©flgia in til# yolk, m pwpestd I#y«©iis ia Lspisita. 
Sei*ir©its Sy8t«® 
At 43-48 hmmWM a a#€l&n longltaAiHAl ataral gp©©vt ap--
•pmvs on th« veatral sit» &t th# e«brye (fig. 105* As tiii« 
$3*mm Ampm$t ®«lli m altiiti* sli® aiffertatl&tt and slttk 
trm tht sajffait ®it©dti«ai. fhest d«lli &m fmf large-,, 
few lengltttdiftftl rews ©f fi«iii».©fel«its lylaf Jast iaildt the 
mtwr #«t0t«i»a. fh»i® leagltiitiiiml r©ws ®f' largt Maretolatts 
®ak« ap th# a»at»al rltf#!. Aetl^« tlflfiea ©f th® ii«wo-
Msits p®w tak«i plaetj tfci# y«f®&t®S tiTltlt'is ©f th« at'ur©* 
Iil8ist.g la m%m% %k9 §.«« plrnm retolti lii a ©olaan ©f 
damght«3? @#lli «©r# m l«as p«i«p®Baiettlsf t© th« ®«to4erai. 
(fig*. 32, 33). Bs.est 4&»gtot»i* ttlli iir« the fatw® g&ag-
llea 0#lls.» Sttwea th® literal i&rMally Is th# mtdian 
strand Cflg. 32). It 1® feraed by tli# rmf @f thi netiral 
groeirt. fhl« itrattt filssfptaps lefor« hatching, fhtts 
It li ®l@ar that, tmm the mrf iiart, tht ftmtral nerv® 
<3©rd ©f fhtrae^ia l» ©f s dfiafelt natare. 
itural s0pt«Btatloii &ppmrs mom afttr th@ fe®eo®egi 
s®gii«iftttA, thtptfey ©OEftrietlnf tht otiiral ridfts iato gaiig* 
li«. I^t« In th@ third day th« gaaglleitle etlls "bsglrn to 
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m 
f w m  a tmlm th# gaiaflla @f foar ssgmmtn* ffe# ganglia' 
ef al2d©.si.iisal si^fut-i t®n, m& tlevta, tia'rt all awtd 
lat© thf tlgfetli mgmmt tad with th® eighth atodemiaial 
gangllen. 
fh@ 4w«l©ptt©iit @f th« hrain In fhsi'mehia it madh like 
that ia th« Oi*th©iit#i»a. As in ©th«r inat^tsi it ©©oiists, 
a«vtlopiB@nt.ftlly, ©f pm%m®mWm.t a«at©eei»ttei»tt«, mat 
ti*it©®«i*«hri», e®rr«»p©ftdiii!g, rt«p«etimely, t© th« lahr*l, 
antsnnal,. &st iattr@alai»f tegiitnti. Thtst thrt« fai*tt ©f 
th® hr&in &rim in a m&m&r tsstntiall^ il«ilar to th« d«-
ir«l0p«@at ©f th® ffBtpftl gaBglieiic ohaia, alw&fiy ttsnrihit. 
A% ahoat th® 60th hem* a«tii?©Mastf htgia t© f©i»m in th® h«$A 
regl©a, J<i.at insid© th# «©t@a«». 
itarly the @n%im h«a4 region, t© th# stoa©-
dtttffl, if ©@©ttpitd hf th« pr©t@@«r®hral »«& (Fig. gf}, whioh 
if ®«piir«it©t i®t© right foid l«ft halir«s. At appr©xi«at«lj 
th« %9f&l ©f th« iteaetfttH th# sii@h gsalltr titit®e«rtl3ral 
i®bes d®wl©f, and jtt®t poit«ri©r te th# s%m&$Mt.m it th# 
l@@ati©ii ©f th# r#lativ«iy tiny trit©0er«hraa. ' fh® optie 
l©h«s do aot f©ra iia tht ia»® laaiistr as th# rtit',of tht pre-
t©etr«hrwi. lattaad, thif fern fspAritttlf, toy d»l«iii.ati©ii, 
wlth©at th« ^p'pmrmm ef nearefelasts, fr©® th® 
late.ral aid aatsritr t© th« r@ft ©f th# pr©t©©«r»hraiB. By 
the end ©f tht f©Brth day "th# eptie lehti ha^® leparattd 
fr©a the ®©t©d«r» (fig. 38), -aiid ir®ry ioea Jeiit tht rtst ©f 
3? 
the proteeerelsrttffl* fhis sa»« e«toA#wal artm in whieh the 
opti® loh# f©«s gives Fit® t© the eye plate, whieh em he 
seen elearly hy the end of the fifth day* Atoove and Ja»t 
p©8tei*ioi» to the ©ptle tehee aay he seen a pair of aorsal 
lohei, Btieh effialler than the eptio lehes. With the exeep*-
ti®ii ©f these iepsal lobes, the. protoeerebrta eoataias a 
la3?ge liearopile,. sorpotniaed by aerfe cells. 
The ehaijge of posit ion i*elatiT@ t© the itoaodettB by the 
aateimae is followed ihortly by the deatooerebraa. By the 
fifth day it is dlitlnotly anterior to the noath, and by the 
eighth day it oaa be teen that the aateaoal fierres are ^groii-
ing fr©» this lobe toward the aateunae (Tig* 40). On ^e 
sixth day it ©an be seen that the tritooerebrim gifes rite 
to the eiroam-esophageal ©ornieotife®. 
On the fifth day the eye plate (Fig. 39) begins 'to fora 
at the eaffie point in the eotodera that gave rise to the op­
ti® lobe, fhe eells of this region beooae elongate, their 
axes vertical to the SMrfaee of the enbryo. During the 
last two or three days the eyes aeqttire isore and aore pig­
ment, whioh ©an be seen through the ohorion Jiist before 
hatohing. Coaplete differentiation of the eye does not take 
plaee daring the egg stage. 
m 
liaiittisatlgm aai istehiaf 
Aiaffii ,(lt33b) F@p®i»t«d %hw p©rl#d ©f 
%& to# t&mptmn t# tigbtstn days. At 37® 0. a®#! ©f tlita . 
hat$h»d at fifttea days. .La.t@i» Maas (1936) feaiid tli® iii®a-
femtlsB p®s*i©d aTfi»ag#d and ©at-laalf daysi wl:lh tli« 
temptratiw at 37® G. and tfe® -teaidity •?© p#i»©@ut. la tb# 
pi*«8«at itttdy ntarXy edl tto® tggi faat©h»d ©it the tXtirenth or 
days, 
Wnm Ptady te. hat©li, tin® ;«iibi?y© btgias mwing the aa-
tmrior half ©f tto® t)©dy In a©i«@ ©r l«s« retary fmsfelea. TJiis 
»©f©»«nt is mt ^jwgmlar at first, but gradttally b®0oa«i al-
aiost ©oatlnttdii®, antil a t.wall tool# In the ©toi«i@R It aad®, 
fht ©aferyo %h®n wigglti init® irlg®r©ttily, atyetdMag thi« 




Olt&fagf sm& fop»»tlisn ©f th« Mast©4«r» mm «ss«a» 
tlally Ilk# that in a aany olfe#r liiei©ts» iymefareny 
©f el«aT«ig® tHrlfieiii- i« a Jilglilj thlag In imi®et«» 
fli®rt art a® gjwehrenenii Aivlfieni im th« rl®# 
g&laiiagii Cfitft luat mrtrny, lt3S|, m& l# a s®rl®s of 
ain® in tli# fi^ar laliastla -(StM, IfSl). • 
ffat ofesertatien tliat 1® m sign &t nmlmr str#®®-
liig tewara th% pti»ip3.«s» agrtti with l@©iiw.dl*f 11936, p. 396) 
obBBrratlon on igasafe! 
• fiit »lfi*ati©ii of tte® oltavag# etllt t© tli® 
tgg-p«riph«pf sliaaild to® totorlbtd not m a mm*-
l«ai» aoYtwBl uitb tli» irafging of tb« 
fetMaa the nuoleas, but as a movement of th® ®H» 
tlf*« cell. In other words, the impetus ©f aig-
ratioii is shared.tqwallf by the nucleus ana th® 
Various theories ha^t hem pr©po«#a in an atteupt to 
explain this ©atw&rd aigration ©f' olemirmf# oellt. Several 
worker® h«.v® fetlltfed it to be tee to aoeboia rnmmmt* 
Patten (1884) ant lasthft® (Iftf) felt that the're was sows 
otntrlfmgal inflaswee propelling th# eelli toward th# peri­
phery.- fhe theories of Miller (1939) mad of Sthl CltSl) are 
given by Johnnnetn ant latt (1941). lllltr believes nigra-
tion to b® da# to a pasiive triftlng awe t® looal ©hange® 
in ana near the iellt. Sehl suggests that Migration it dat 
to th# attraction of th# peripliiitt apon the naoltl. mat-
41 
mew tte# altlsatf eaisist f©r .Migration aay to®# it weuld ®eta 
appartat t# tfai® w.rlter tliat ia fhei*iiQbi.a tfe® aowaemt is 
gr&toal or pa®sl.'?e. Otfeti^l®#, it w©-iild t># txpeeted tli&t 
protoglasmle txttnslon® woali, fe® fowit totfalnd th# algratlag 
e«ll. 
Oar toowltdf# ©f ®l:f.afsg@ in Lti?ii»a ii irtry Ineoapltt®. 
Isitbtr H#j»©ni Il8i7j 3a©r tlstl ClStS) wai aM© t© oontr.itottt« 
mwh to tfe# mh$%Q%* Ui«l w&g-. able t® stetiom only two eggs 
daring^ ©ItaTagt. On® had ab©at ao •eltafage etlli -whieh lay 
<md®r til® surf mm of tli«-y©lk abeitt tqtially dlstgyat fro» 
taeh ©ther* It app®ar«d to baft tw© tleafagt ©tils In th# 
loterier ®f tlit yolk, flit ©tli©r egg bad mmr 100 «l«ftTag@ 
«i®lli. On ®a® lengltiidioal iide ©f th# .®gg tli« el«avage 
dells ¥@r« arranged in palrt. fbia liidieat#s tfeat tht ©tils 
®f me ®ld« of tfe# l»@i&iitta egg, rather than • oat ©nd, as in 
•flicr«Ql?i&. dividfi'. mm rapidly than the ^thtrs. this pr©-
©tdiirt agrtes ultli'th® fa«it ttot tfe# gmrm tii# ©f • LeB.iaaa 
d©#s not lattr term at th® m%rm» p©sterl@r ©f th® «gg as " 
in • fhertt^bia* Wt ferat poit«r©-ir#iitrfiilly.. 
ihtii IJitl ®««ti©fii®d ttie «gg J ait deterItotd h® dise©¥-
«r®d that th« ©ItaTag® ©til® had rtnehti th# sarfae® of th® 
yolk and that a largt qanntity of e«ll® was pr®s«nt la th® 
t.»t®ri©r of th® yolk, H® ooneladed that all of th«®t yolk 
eell® ©ottld not hav® arl.s®ii froii th# two ©tils h® b®ll®T®d 
h® had fot»d ia th® younger «gg and that eonietittfntly they 
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hm& freb&fely mrimm trm ©Itaifag® «»11® tbst had gda® %© tbt . 
I>tripliei*y m€ tlaea r«t»ii«a imt© %h® jrolte.' It my& fmPtMr 
ttet betli tilt mlln on th» smrfae® mA th9 f&lk ®#lls lti*» 
©wag® tfciFoagh Mrisim aitd bteoat fkey im® thtir 
halo &t 0yt&plmm bM he mf%m t# as y.olk 
nmlel* In ftoriaoblA %m y©%k nmt^i do mt lo«« thtlr last 
fiiiM# traeti ©f •aitil l&ttr, 
fh# tliii' $<$m lis®, whl&h rapftstafs ©iiltflf 
fataf# 0®plis3.l© ttAttrlal, i« 'irtry ff«» tli# 1@8® 
gtrffl baadt ©f Celltabela* S3r»|jlifla# aad Diplmra. fit® g®w 
bund# iB th« litttfr g3P©mp« mpmmM% tta©i»ft©i© ami abdemlMil 
»at®.rl«l as, well,. f«i»y 'tenewledg® ©f tli« fo»ati©u ©f 
tfat gii?« bitiii in iplieiifTdptfrifc and Odotiata'lims b#«ii ©bfalatd. 
A®0€>ritef to Itf-Roai (1896b) the $mm band &t -
ygligatm «•!§«§ m% tk# p©@t«ri@i* t.ad ©f tbt §gg. lilt 
(Jo&aBiisw «d iatt, li4l) jptperfi ttiAt Im Libtllala 
salehelia %h§ g#» bi«4 it f©i«»d bf tk® tlletetaing ©f m stFlp-
®f %h@ primary en tM© tmtml' sld« ©f ttot tgg# t&® 
attiiod typiial of hi$hm la tte« sttiit-fly 
s CMHIW# IfSSi a© §#» 
baad i® f©»®d mt &12.. Iwsttmil %ht t«bry©iil@ 3rmdl»®at i,« 
f©r»«d by a .protets ©f -itreaaliif uttd aggpcgn-
tlon. 
G«rtalii ©rlhept-tp-aiii, fe©w«wi», tip®©lally tjfet 
aigratery iB&mmlt WM) haTt a its® v«ry 
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likt that of th® flftlsfftt. fit.® fafiiffltat Is als© 
irtrf ihort In tli# tlfftreat ial loeast ant ttet prayiag aaatli 
(J'oliannsta aat Butt, p. g4i, p* ill) mi. in tb® wslkliig* 
itiek Cfli©»ai, WM). 
t© Batt 11949) fattraXatiea la a6®t iaseeti 
takti plae# ia oat ©f fear waysr Cl) m iawari algr&tlen ®f 
iiellt aleag ttot ald-ventml lia«| it) ma aetaml tafet tliat 
sooa flatt«as ©tttj fS) a rlfigt ©f ©ells wltiieut m Imt-a wMtk 
glaki iawarti (4) "by dtliaiiBati©# tmm the i&mr asdlaa sui*-
fae®. It will te® i®®a %hm% gaitriil-ntlm la fli®r«©lla toii 
n®t fit lat© maf ot tii»i« ftor gtaeral patttras., slaet la-
ward aigi*ati®a m$.f ©eeitF fr©« aaf part of tk« g#r» baaS. Ia 
th® Ortto©pt«r*,, laatr laytr foraittl©® ««y tak« plas® tltlatr 
pr©liftrati@a fr©a tii.« roof ©f $. ait-ftatral grosT® ©r 
Toy prolif»rati©R fr©» tJi# «atir@ g«r« Tsaat <R®©airal» 1936). 
tfe# laatr Imytr is ristriot^t t© a g»all arm 
CH»yaoai, ISi?), wtoilt ia Iseteaa th# iaatr lay«r tj^tad® 
©Ttr mmh ©f tiit #f tfee f«r« feaat (PJiiliftieMato, 
lilg). Ia rim ©f th® fa®t-i tliat iaatr laytr forwatioa is 
lo©all««t la tli« .sllftr-fl-ih, aat tiist it is «diitt«reai or 
4lfftts«t ia th# firftfermt, wltfe tb® ,«a»® git«ati©a ©fetaiaiag 
la tht Ortli©pt«ra, it stews tiiat sett ©f iaatr layer foriiia-
ti@a Ms a© ^yl©f®a#ti© ilgaifleaae®. 
iatravittllia® stpmratiea ®f yolk ©«ll« is ©oaaifl-
@r®d by Hooawal C1936) to tM prittlti-r® ©oaditiea la la« 
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i«©ts. It m&mB in Waelailis alternata (ItyMoiJi, 3.901) as 
well as in th« Lipisaatlfta®. It® prftetne® hat h&m i?«@©rd®a 
sit© in th# ariig©,ii-.fljr 'Mtegllaift <i.m&teiaaemlat.a. 
IStSa) -Hid ia Soaepttrai Lepit®ft#fm».. C©lfi#p» 
t«j?a., Uiptira,. ani tteit lyistiitpt-ftra !«& Bott, 
1941, p. 34).. Ia th» 0i»tii6pt«i*a it &mmts in "%k« aeriiit 
Ijaasalt (Roonw«l, isse), the gryllldii Qy^gpthaa, «ia l^iJaa. 
ani tfe® a-aiatit MaBtis (mm Ummml» WM^ t&r mf9Tmm§)* 
fto,® abi@»e« &t latravitellint s«fiii»itti#a is,. a#©#i?ilnii 
t© E^enwal (lt3i)., a se#©oa»f efearaettr.. latr@*it«lliai 
not octar ia ga«t>©€ea ttaBhylititts Ci««l# 
1898), p3P®l3atel;y ae#g net oetttF in tli« tt@ii»fly Wt&rm&i'mB 
m^Mm Clill®!*, 1939and 4@«t sot ©eoai* im stvtral ©©©&-• 
retolits m& »%mk ia««#tt aeeerAiiig t© |wf»tigat©ri listtd 
l&f Heoiiw&l (1930). 1% a©«s a.©t ©##» in Mailt ia Ftligiaaa 
a®o©Mlaf t© ^impfiiaa lltif), althtafli I©«a*&l iWM} litts 
Maatia 6i an immt im whi&h iafrairittllittt ttpajpati^a ft©«i 
eitiag SiitMiaa'i paper a.s ret&rmm* 
tem%mff liiSS) &»a (1S9S) I»ip©i»t that intra-
vit5rllint, s«p«i*ftti®s i®s« »®t ©eear ia ^yllntnlBtt •wMarii. 
tjmt ani F«liftaki CliOt) .©laia tfeat it tets in 
thii apteiti. ifctthti' ©r mt it mQWte it vtry tiffi#«lt %© 
ase«rtai», in •©«« iiifl«©t«| «a4 «anf inytstigatsri met 
reporton tfeii point.. 
fh# 3r.$lk ii«©l«i mmr feeeeii® larg« in th# flmW&t m 
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fUty 46 In ^#wapt#i»a ani Orthopttra Clei-ttens* ISiSli %h$ 
feen»f %## Ci«li©iii, lilS'l, aat mmy ©Ifeer lil^tr iasteti. 
I^iplaaa Cl«y«®a®,, IStl'l fi»@a fhggaetoia ia tli&t 
Its dig© iteks lat© tfa# yelk §©©» sfttr th« "fei-
ginning ©f f©3pa«tt.©a ©f ttet -litstiera. mttmlf 
Imaersei In %&«• f#lk the g#» Als® «l@sg»t®s, fe«©©»iaf 0-
«tiap«i, ®««S»S|. anl tlit saes appeaa?. 
4 eattdul flinmrt 
Ag 111# «lo»ga«tag i#» aii« of sinks iai© tfe® 
folk, %«%ls af»« |jr©ltfti*iitfa fr©« Iti aiarfiiis pp^daslug & 
a®«bi»-aa® wMitfe oonnettf It to th« it^dsa. flsls waferan® It 
tfto# aaaieii.; 'ffe# linta is pai?* hy it .and In part toy 
tilt gtra band Is "lh« ®saaietl« ©s^lty. fia« &»at©tle ©avlty 
mVBT ©l6s«« -©©wpletely. A«©©i»ilag t© Ityaoai, kmmwi tli® 
jaaiiietl#, per# is ©l©si4 '^y ^lag at tM gaat ti»# 
tJmt a tbifi eli4tiii©tt# «aBi»an© 1« fitm tb® enter 
sa,i€a6« #f Ifei streta. 
Witii the mm-p^im ©f Ihii iinlitai ©f t-lit t»ti3P» tabi*y® 
iiegi8«& l»te llie y®lk, wttU the mmltX^g largtr ai^ea of 
th« aaiiloa.,. t3a®3?« ia little 4iff»r®ae® %9tmsm it aat 
flfeayiiellft in tJi# ftimtloa @f tactra-tafe'i^oaie As 
wni tht tstory© ©f Thsgatfeim tots m&% at any 
tl». 1©«® e®tttaet witM fli« &mt&m ©f tlit tfg. In-
ii tli«r# m®p f0r»«a a #©«plttt awai^ti© ©airlty, ^tli©ttgli it 
1® ©l®stly appF©3£l«at-#a toy I^nigma. • (J@ii«3?ally, tli# 
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higher ttirtiep a $©apl«t« saaltti® ©afttf* fh® fm% 
I^g^istta mm»B tlesip t© th« f©w»,tleii ©f m 
ntetli ©a^ity might' p^iiitol^r h« e©iasld«F«i m #vid@no« that 
fhgg«ehia is' a m&m than L>.siiMaL* 
S«gM«atatl@ii la Lepiama iitfh) pi»©9«t4s la 
aaeh Ih® saa® «i«#?raot rat® me in fhig«©hi&» In heth in-
seats th« #@t©d«ra i« th« fii'st- to htdeiif i#gm®nt®4» 
lasthaa Cl9gf| rtperti mls& th&t (ia Pimle) tto® #eto4«w 
ea^ihitB 8eg®®atatt®» hefOTO th® »ei©a«3?«» 
Th® iwafetF ®f figseiits mmpmlm h«at ©f instets 
has htttt th@ itthjtet ©f Mttth aismmim* Mttlt aottbt pei«-
gist® ©oaetrnlug th® mllAtty @f th# anttaaal ®eg»«at and 
th§'four segatat® p©®t®^itr t© it , mundlhttlm?, 
aaxlllary., md imbimXh fh® Als@a0®loa i®Bt«i?i m whether 
th®r® ar# &m ©r tw© fi»®-.aBt#Riial m§mmt§,, • liren fotir ®®g-
atttt® aRt®rl®r t© the ftmt»is»a® haT® h«ea i»®.p©rted. 
Llttl® ®'Vl4®ae« 'h&i 3r®t "b®®B iii©0Tei»®d t© ®mpp#rt th® 
®©at«fitloii'that tw® pre-aatsiimal ®#ga®ati ®*i®t. fi®giiaiai. 
{1©2S) reports tw@ palri ©f ia©i igit«rl©r te thos® 
®f th® aiit«na&® lii th® ©Mhry© ©f. th« walfcMg-gtt®:k' •darattBim® 
HQrtgtti.. th® .aiit9rl@r pair h«iag in - the lahrw. looawsl 
Cl93'5'') fottiid litbral ©©tleaie ss®® ia t^easta. .hat no sseond 
pair ©f pr«-««t®i«ial ieeleai® m@$. fl®gs Cl©40) ha® foaud 
in th® Bfrnmm .«IMt a pait ef pr«-
aiit»on®l @©®i0ale aa@« whiish h® ooii®id®r® h©ii©l@g©tt® with 
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%k9 lafefal eoil©al.6 @ae« of &M ^SSSM- Mtheagli 
Ht^oas (ItOl.) r#p©i*ts .& iingl# pair of pr®-ant®nnal 
0©tl©!Bl0 m&e im the #abi»f© $f the @#atlp«it SeelepiBdya* 
li® has t&m& tm it a pair ©f prt-antsttaal apptRa&g.@i ia.. 
addJtioa I© tfe® rmdiatnt ©f tlit eiypto-labraa.. 
Soffi# mttt^ors,, inelttdiuf leonwal, aeetpt th& @irld«iie® 
fr©jsost€ to fitabli#^ tw© prt-anttnnal «®ga@iits, and ©ows#-
q«eiitly ©oiitMti* til# hmi t& fe« primitively ?~g«ga#iit«d. 
•Otlitr until©!'®, 'iwli as SmQ&grAMs (1§3§), mmid»r th§ b@&d 
t© "bt 6*i«g«®ntt€ at »©st. 
Lipliaatia« appssi* t© fe# ©f a© aia In s©lvlag tlili preb-
l«a, f®r no pr#-aat«ijaal eetl^al© i«®s ihat# btta f©aft4 4» 
them,. K«ltli«r S#3r®.©.fii iier. 0?#! f©tiad MbISSS* 
pm^mntmn&l mel&mi^ -mm h&r& Mm t&md la fkggaetoli. in 
th« prtfitut staiy. 
Is 0©ii,iia«r*felt i^arlatlen la Iht ©rlfln &f the , 
Imbrm, • ffe@ ilngl#,' lanpalrtt origin la fMtraeblA iiai alrtudy 
totta iti©rllj«<i. It^iiQiii Cl8t?j rtperts tli« sma® napalred 
©rlKlis la I<«»lt«a. Mem th% Orthoottra. ie»©iif hm rt-
p©rt«4 ths sme sltaatlen l» gryl^ltti (ISiS)' m& 
giraemlQa Cliti). Beeiiml Clt3?) rtperts tfeat tfa® iabrtua 
b®glm« wltft palr®a 3?tt<lla»atii la to^Etata* ltee«l«r Cl00S) 
r®p®rts the sme palrti ©rlgla la llefaiaian. as a©«® ftls-
aana ilM§) tm Sarattslas atreaaa. flit anpalrtt ©rlgla ©f 
tfe# tmhwm mmg 4pt@i*^g®ta aod s©»« of tte« prlMltlv# 
m 
that tfels is tht priailiift eoiiaiti©n*. 
Reeawal kmmmt ttoat this aiff@r@iie« in ei»lgi» of tfet 
la'ferw mnmt ghewa to liair# my ptoyl'©g®attle sigai-
• 
?l«ttr®p©<liii ar® f#wid la »aay ©M^rs of fii®y 
aF« presfot la hoth Lteisaa «d fhrnm^Msi, nmmmt (195?) 
rtports tJiat tlity &m will 4ev®l©p«t 18 Ii©e:tiita.. "bat tJ^at 
a®0Bg tife# ip«®i&lig.ti imsmtM (Itaipttra, HyB«aopt@i?ii, 
l.tpid©|>t®i»«, G©l##pt#i*a) tliey mm fitWy dtTti©p#4| and tfetlr 
Algti?lbtttl©ii is ii»^®gttl&r» fftty mm abttiit in th« Sipt«i*a» 
Altte©«i#i tteir ©rigiii is iiwHaf# m& tli®y art all teaporary 
diabryeaie itwitw#*., t&@li* pTQh$.hle tm^tim m& flml fat® 
•fary eoasittr&toly Im Aittemnt ImmtM. tn tli@y 
^ttoiTel ap dmriag lat# tateyeai® lift (fl®©awftl, 193f)# wMl« 
Sliftr (ItSfl mpertM tfcat ia Itlanepliif tii«y smmt9 a 
biitshi^ ««iyffi«. In S««iptti»a tli«y hemmm b^wl-stoaptt 
atroetar#® ana ^tatly intrtas# ia si it aiitil the tiat of 
teat©lilag, 
ffe#r« lias Mm natli sp®ittiftti©» rtgariirag the tmetim 
©f the pltwepefiia. fatttn'Cl'S84) tMaks t&«y art stnsery, 
jL©iig©liaiips (li04) 8ay®'tli«y agsist th# eaferyo im mmpim 
fmm its «@aferaa«s mnd the egg sMll, »ie«ltr (IB$0) rtgaria 
%hm as i«srtt©'ry, ami Iti«@#y {192i) 0alls tfeta «3ior«t©ry» 
It »#•»« fairly altar fr©* tlitir apptaranes^ la fhmmoM& 
(am Fif. 21) that tlity &r« flaatelar in. fsiiieti©ii,, tomt what 
m 
ftt»©tl©ii tfetlr ,i«©ptti©ii any is mkmmm* 
llastekiiitsls is a sblfting of th® pmitim ©f th® 
with mspmt'^t© %h«i yelk. It Is s#et«pli.sfaia in 
•im» manner In both lasim and (W33) 
Mid B©oiiwal fl©3f) Imirt ©tei.tnrtd • ttoi« pmmm %m gmsi-
teopptr fggs. fJi« mmt tim® ©f ©eea^rtae®, witk i»«ips®t t© 
til# itag#i at w«ll as tfei ti»« ©f twatioiii 
ar« fariabl®. Wkm it memn mmtkly it rstaiWJ If-iO 
h©ii3?8 S3® S. the tut® tf tmi?®liig i.« aot 
•anlf@i»s tte0ttgli®mt th« p-retts®, ant em9%imm mem ppo©##4s 
la, Slife? rtperti that tbii ghlftiiig ta po«itio» i# 
#04<jffll}aal«d hy woirtiisats ©f th« ias«@t it»tlf, 
Tfa«i« ttef'tatats erigia&tt m mntrmetlm witv@s rwaiaf alosg 
til# lat«pal b<jra»rs of tfa® t@rially*itt©©®fl#t@ aMoata aat 
pmmlmg rapidly t© tfe® 
40#©y4iii,g t« ,Slif@i», felait^fclaesls wki&k kati .st&rtsi 
ana is iRt«rrttpt«t by wlater €lmpami«, it wsamed i®»«Aliit«ly 
aft®? th% dla^&its# 
fte® d#T«lo|s®#Bt. ®f til® kmr% ii titeatially siailar f&r 
all ioi«$ts. M in Lgaisaa. the ®«lla tii4t art t© few tii# 
h9&T%. $.T9 aiff@r«i3tiatt4. at tb® torsal j«fti©a of tk® i©-
ffifttie and iplanelmi® ««i®ttraal layeri. As tb® a®t®«»al 
lay®ri grew aerially, thi eardioblafttt appreitefe fmm tittotr 
sid«, aM finally «©tt|. feraing %m tifisular toart. 
fti® ti«« ©f appttarmae® aad tfe« numhm ^ f spiraealar 
SI 
•©ptnings «!•# Tarlabl® in &lfterm% iiiietti, i®lson {lil6) 
aiseovtJ?#d tTa<sli@al iavagla^ties® ©a th9 aat®ri@^ part of 
tilt ateotid »iii:ill:aP2r sfgaiiit. In Lepldepterens @abrf©®i 
splra©l«i f©F» m tli« •itseai and IMM th©raoi§ #«g»#nts, 'feat 
latii* %h0 iplymel# on tli# df@®nd tii©P&ei« i©ga®nt a©'?#® to 
tfe# first i«ga«at# And tii« ®pira©lt m tfe@ third ®®g«®nt !»-
0m@$ rtdttc«d. l#yaoiii (1®§7) feand in Lepisaa a ninttoi &nd 
a p©®@ibl« tintb pair ©f «piraol@@ on tM® aMowa. fieft 
and Marray CliSS) lo©at@d ttn pairs ©f @pira<il#«, the aaa® 
a® iR 'Mlite-
A. g«r»-traek dft#r®inant, ©t» ©®i©a®, is f®imd a.ii.©©iat«d 
with th§ pritttrdial gtra e«lli of manf ln«®«it«,, and ®mm in 
the «ggs ©f s©m® ©ttotr l«f®rt@'brat@.s.. It if a mer# ©r leiS 
dise-sliaptd «ir®& with a grt&t affinity f©r ®tmi®, l©©&t«d 
n®ar tte# p®it«rl©i» p©l® ©f tto« ®gg. At tli« .©Itairag® ©©lis 
^egin tlj«ir ptriijfetral «igifRti©ai on® ©r aors ©f thm ®nt»r 
this 0©@6«@| whieii tfetn ter#al:« ttp. fh® na®l®l wlii©& ®nt«r 
til® ©©s©ffl« "btioa# tb® priaerdinl g«rffi'©®lls. 
Til® fanetioa ©f, Ife® &©s©i» it net to©wn« S©a» Mav® 
beli«T#d tfaat it ©©ntain® ®©®« si"fe«t&n©® wfeitli a©t® ap©a tii® 
el.®aTaf® @«lle in «a©li ® mmmr m t© ©liaag® the» t© g®m 
®®11«. Ottt®r ®©r® r®©®nt w©rk®i»« f®«l tfaat tfe® ®©s©»® d©®® 
not ©teang® tb® el®airag® ©«lis in way, teat M@r«ly iadi-
©at®i til® p®t^ wiii©h the g®nB' f®ll®M when s®gr«giitiag 
froM th® ioiaati® ©®lls. At .any rate, in the®® ias«0t® having 
St 
m o©i©«® It-li mmh !©• lecat# tht gtra -ctlls. In 
ftnerali it ie fe-aai ii»oai tb« tiiglitr ins#®ts. 
Aoserdinf f# J^haansta ast Btilt (IMl, p. 36): 
Witli tli®s« pt®fygotes in whleli th© prlmcsMial 
g®m mils are early distinguishabl®, they art 
in a little mass at the posterior ettt of the egg, 
a position from whioh they are pashet forward at 
the tip of the caudal end of the developing e»%ry® 
and into the interior. They then «lp»ate forwari, 
perhaps passively, dividing int# tw© grtttpa, on® 
going to the right, the other to the left, ifintli 
they reach their defiaitive position on tli# aeio* 
dersic genital ridge§ which are to form the gonads* 
In tliose pterygotes in which the germ celli ar® 
not recognizable as such until they have rea«Ji«4 
their definitive position after the feraation of 
th# ©ocl«il@ fa®®! it le p®8flble that tfc»y liav® 
a gifflilar early history, oat thi® has not b««» 
demonstrated beeaaee of their probable fiaiiarlty 
to th® fomatlc cells. In the apterygot® I®et©ffia 
tlie priiiordial germ ceil is differentiated iitife 
at th® 16- or at the 32-c®ll stage and develop® 
into a cluster. This cluster divides into tw# 
groape which pats from the yolk into the tls®®e 
©f the visceral wall of the mesoderale soaiite® of 
th® third and fourth segments. From here tifety 
migrate to their definitive position in th® fir®t 
to the third segmenti. 
,A greuplitf • Of initsts aceo,rdini to the tla® '©f se^grega-
tion of gera #«llii is given by Joh&nnsem and Butt {1941). A 
g!iffl»ary of tli@®e .p^ettps follow®s 
1. ®«r« ©tlli are tlitingai®liable at -seiu® time during 
f©r«ati©n ®f tlie blastodera in Biptera, ii^onaptera, para-
sllie,Sy»enoptera, Isetoffla. and certain doleoptera. 
i. Serm cellt are dlstiaguiskabl# iwietlfttely after tlie 
blastoderm is foraet in 'Otraaptera, ®©»e lo»©pt®ra Ceertain 
As^idlda®)# a lepidepteran, and certain Ooleoptera. 
m. 
S. tsw ©ills ay® •aiflingalili.iitelt ihertl^ afttr the 
gmm hmd la. hat Mf&m the fmmmtim ©f tk# 
Ian#? lay#? li ieQlepaMm. s6a« Hoa©pt«ra, 
laterepttra,, m& isat Ltpi4optti*a. 
4. §@m s®llf are tlstiagalshatole fittrlog ga.strttlatl©a> 
ha.% b#f©rt the tmmmtim of the m§lml& m&B la g©»t Oi«tte©|>« 
ttra, sea# Golf©ptera, aiiS mm» Ee1i©r©ptfi»af 
0» ©#il« .aft first iiftisgttisliafel® idfter f©riBati©n 
©f tb« ©Ofl©ffli@ ®a$g _ la g#ae OPthQptem, and a spf®l«s 
taeh of Lepiddpttra, Celtopltra, mud Mjmempterm, 
Th@ tint ef legr®,gats Ida ©f germ e®lld fcia« net dti-
ei*.ife®d in Odon&tm, itfi0?©pt®m, -and tea® smalltr 
@rd«ri. 
It is ®.ppa.f»tat fr®». thli tiiiaarf tliat tli#F« is a g«iK 
»al ttndeney fer mrly Mgregatl^o &t g«i»a @«lls mmg 
Mghtr »ad M®r» ip@eliilii«d liis«et greaps. L®pi.stt& i.# pla©«d 
in groiip tfer«® ©ii tfe« toatli ©f rtptrl <1897) ©f 
r®latl.t«ly early isgregmtioii of .gtra. '©ills. Tbli mthor r«« 
ported tb# gtrffl t® 1i« flil'blt first m a k»ol»*lik® 
pr©tab«raad# at tfe® ®xtr««« p©-it#ri©r iiid-ef tli.« «lo.iigii.ll.iig 
mWyQ. H« toell«f«d tiiat tto« gem '©ells waiid«r«t iadiTld-
aally e«pli«.lad to«tw®tn the atsedfraal ©#11# %& th^iv d®fia-^ 
itiir® pesitioa in .®®¥®r.al aMsiaiaal ®egm»iit®. I® muM m% 
trmm tto® @app©,»«d aifratieat, hmmer^ toeeattst tto® ..iipp®.itr-
»Mm ©f tfe® g®r« .©®lls did not @eifflel«iitly with 
g4-§@ 
tteat of til® a«8©a«Fffial 
Tlitr® 1« aoae dottl>t in tin# aind of *lh« pr»i®n't a^tlioi? 
as to iflittbtr l#y®oiis iXBBf) aet-iially ii.w gs,pii so tarly 
MllSS&* 'Sai'ly «tgi»®gati©ii in LeMiaaL is so-atitiiat oat of 
lift® with t&® g#n«ral ttadeney noted atoof® {«ai»ly 8®gr®ga^ 
tion la tilgli«r ia®e®ts). fh® present writer ©oald find no 
g«r» ®®lls ttntil r®latiir®lf lat® Is fjiefttobia* Tto.® tia® and 
aanner ©f origin of tli® g«ra o«lls are ii»ilar in tb« fire-
Israt and in tli# «y»pJiyl»m Ianal®n®lla ftgilia^ Judging' Isy 
tligs* (1940) d«s©riptioa of tfe« l&ttor «p®iii«s. ' In, 
HansieneilA tii® gtr® otHs itrii® ventroasdiAHy to wMm 
tliog® of til® flr®lbrat ..do and tfa«ir naelti ar® «iieh largtr 
than th® siirrotindl^ otlli. In th@ fir®"brat th® naslfti of 
til® gtra ®®11@ are ©nil sllgfetly larg@r than the iarrottnding 
o«1.1g. Soonwal fti««tl©ni th® f-alidity of I®li®n's 
(1934) ofesermtioB® on Melanoolag whloh/stiao® it In group 4. 
looniraJ. finds that g®r« ®®lli to sot app®«r In Loottsta ttntil 
itft®r foraation of th® e®®3.o«i@ t&os. 1® bell®*®® that 
It®l.g®n m$y h&i^® alitml:®n oardlohlast® in M®lMiooia.a for g®ra 
©®ll®.. Safh^ ® differenot of opinion eMi^agii®s th® dlffl** 
ettXty of Identifying th# g«r« #«lls with ®®rtalnty* 
Th® mmnmr of formation of itoiiod®'!!* and prootodoaa is 
iimil&r in aost in.i«ets. i© do«ht ®xlsts as to th®ir 
eetodermal origin. In general, th® st©a©d®iil infaglnmtlon 
h®gins gt littl® earlier than that of th® prootod^nn, althoagh 
m 
th®m Are wtr© tM- rwers® If Iriit. fht 
gtlm tmbttlts §,m g#fi«3?all^ eoaaiisrtt to arlat from %h* 
protodiM, altbeagfa Mmem (193g) aat Butt (1949) mpw% 
that thef are ©f ©MeAtraal origin, 
Ibttltr (1893) f@tls tliat tla« primitlTt ntiaBer &t 
lalplgfeiaR tttl3«s la Instate it tlx. 4a h9 aet«s, ,tht 
pighlan tiiti©® iu instets art la a statt of ••merpholegleal 
rtstl®g®iitis», variatieni. aaong tlostlj ralmted f©r»» feeing 
ooaaon. for »xample the synjivylan Ifiilil 
(Tiags, 1940) has tvo, eollambolans probably hars nocia, Jaoix 
has noa®, OalipeAgiL. ha® about lixtteii, ant laehilis Ms tw®aty 
tubal®® tli&t sinlt® la pair® a»d ©pen iat© tta® giit by means 
of ten aptrtwr®® (»i®«lsr, ISiSb). fiitr® ar® fomr in 
Cl®yffloa«, 189?)» and foar la 
fh® orlglfi of til® ald-gttt #fltfe«lliia Is ©a® ©f th® 
»©st eoatr©T@r»l&l s«bji«t® of lateet tabryology. Its ©rigla 
has b®®n attrlb«t«t by aaay tiff@p#iit atthort t© «®oli of th® 
thr®@ g®ra layer® .and to Tarioo® oomblaatloa® of tli# thr®®. 
looijwal (193?') has ®i»fflarlE®i th« varioa.® ttoS®.® of origin of 
the ffild^gat «plth®llaffi- anoiig th®. Orthoptera ant Beraaptera*. 
a® followas 
Aepitida® 





lantis liilaj lab it©, 1898) 
Pbatalda® 






Clyyll©tali3ft (ittsfeattn m& fttlteskl, 1909) ' 
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PSBS- (Phyl|?#e«|ft) ^llplef. Cifa«®l®i', 1889 s 






0argtttg|tt.s (liiliBis) aoreeas Cla8a§3?s©&aldt, 
f f Is I wisiiiir w|.<it«aia, 192S) 
Bl&ttidft# 
(SMlSSsaM) g<ii*«anie:a. (0tol©ikewsfef, 
The afeov# Is l!i©lttd«d ms m illttitratio® of tfe« 
aifftrtne# ©f ©pinleii regardiftf th« ©rifim ©f tli# »ia-giit 
fpithtllw., mt mlf Along atatoers of tli« sa»« totit 
men la th# s»» ip#©t«i (.teaigStiSS* SMM« llSftifflii)* 
Xt Is fr©l>at>l« tli^t th# eoEfaiien 1.l@i m% m aneJt la 
til® dlrtet ©"bsfi^atieai ©f tpitlitllal f<»r«atl©a, limt In th® 
attempt td hoaelogli® tfeta® ©"bitrtstletis wltti til® gem laytra 
of other aalaals. F©p txa^l®, tfet ©eimiar prolifemtleas 
dtftloplnf la fflaiif lii.«#«ti at tli# bliad tads ef th@ st©i8©d®iM 
and tii« |ji*©©t®ditim,/ wlii.®li ©ontplbat© t® tlif aid-g^t «plth«l-
Itt®, hmm rmv%m»lf liit#i»pr«ttd as parelj «stQd#r»al 
01* pttr«l^ «iit©dti»iial. It ii mQt mm&mry that & fall ae-
mmt ®f til# vwleas oflaiens txiitlag ©c- this tot 
fi^ta ln-tfai.f pap#F. Detailed .r«iPi®iws ©f atthodi of 
origin aay toe feaad iii lersolitlt a»d ltld®r (1S9®), ItlsQH 
?191i)i Eastfeaa (1930), and and itttt (1941). 
St 
Ife&t tlif yelk ®«llf play a part la the ©rlglii of the 
fpltlJflitta,. as tiieritoei In In Ife#' pmsmt 
fap«r, 1® not &. mw lt«a. l®y»©ii® ClS9?) r«|j©rti %h&% it is 
fermtd fr©» yelit #tlli In LtBisgai tfe® mm® situation tias 
been rap^rtid In %M #©ll««fe©l»ni l&eroteaa CUttl, ia§8| ana 
liMrita Cei&ypelti ISii). ler® r«©«ntly, Ti#g® (1940) hat 
4«s©rib#fi thf «'plttoi«lias a® f©piBing fmm tfet yolk 
##11« la Hansenialia agilig... mni Stttart fl93S) hm rtfortM 
tilt saa® @itttatl©tt la mimmim tiffgrantlaiie. 
Wt Mft a©t«t that tilt aid-git. #plth®ll<ia in 
fliargie^ia it f©rtt«a fro* tto« yolk ©•llsi and t>y pr©iif«ra-
ti©ns fr@« tM« pr#®t©4#tt« and st©a©4®«. ftrana©ri CliSS) 
bas f®fitn4 that the ®i€-gttt tpltbelia* Ms tM# «a«i« dttal ori­
gin in Seaibyx mrl. 
fti:« feraalien «f t&t airwat iy«t#» in ftorsetelfi M 
vtry 8i«il&r t© tlial of ©tlitr ^ntrallitt ••!»##©%«, and it 
nnteh til® saat mm. in tfet tol^ti»| *er« ipitiaiiEti gr®ipi*^ 
ifes®l«r Ciiif), m&, i&hmnmm ana Butt (1941) 
ha?® ®x0®ll®nf ©f tli® a®v®l#p«@nt ©f tfc« n@rir©ag 
syfti®«. 
fht t0tal naaibtr ©f s«T®nte#a ganglia In th® f«ntral 
nerrt -lilimln is tb« §««« in I^Biiaa (Isyaons, 18®f) m& 
fliggaG^ia. lany ©tfatr Immts,' f«irti©ttlarly tli« less sp«©-
l«lig@d oats, !»¥« tJit B&m nstubtr, witM varying i®gr«®s ©f 
fii,sion ©f • til© post«ri®r ganglia, 48 hm» hmn nottd befert, 
m 
Tfeegaebia dlff«iPs frm- tht Oi»|feopt®ra In tliat. In th# formti*, 
ftdf-irt etllg t© a©t grew ttpwara so as t© ooTtr the m#tir©pllt 
€#psally.. 
'Om of lilt p©saitol« sottrets of Inaocamey in ©M©^ 
«mbi?y©logl«&l ©n iiii@ets lies in. tM faet that the 
eggs mm m% at & mmetmmM t#»p«i*attti»t .aM Mimid-
Itf. • llitis atftlopaent la lift to §hmm «€ tg.gs aa*# eol-
l.e§t«d at raiidotti it Is ofttn difficult t© fe® smr® of tti© 
preptP mqmm® Qf mmt§» Siaet tii® tggs wtd im th# pi*®-
sfiit ftady wr# ©f fenewm wA in@tttoat«d andtr rig-
idly ©©adit 1 can.® of t««ptrat'iir® and hMiiditi', it 




Slsamgf ia i® iiptrf leial, tli® 
elt&vag# ati®!®! algrstlng t© tlit i^@ry ttola layti* ®f psrlpliti'-
®l eyt©pla®«. After a prlaary «pitli«lt« ii forttti around 
tb,« tntlr® @gg, tbs prlaari' @p4tli@llw tMektmi at th® p©s-' 
t«rl©r tnd ©f tli® ®gg te fmm a g«r» Ma.d» fli® germ toand 
•4©@s nO't sink dt«ply into th® ytlk, as in Legiaaa. • Inner 
layar f©r®ati@n f&lXms no rtgalar pattern, but algrati©a 
mmf oeeir at amy plao® al'Ong tM@ f#r» band. 
Priiiary yolk art frMaaad^toy intrafittlline stp-
aratl^n. Am siinlen and strosa dtirelof, but tlie annion n®T»r 
eloits @©i^l«tfly. At ljlast©kin®sli,, tfe® g«r#sa dontraets, 
palling til® tmbrye arenni on to tii® fgntral aids @f th@ tgg. 
4s th® ®®rosa eontraeti, it f©r«s a atsendary deraal ©rgaa. 
I© pr«-amttnnal @#@l6ai0. «a«i e-^eiir in ffe®i«Qlsia. M-
t»nnal, inttrflalaryi aandibalar, maxillary, and labial 
0o»l®aio :sa0s ar® f©®ad. fh® labraa ©r%inate8 as a lingl®, 
ttnpair«d str»©t.tirt. llivtn aM©aiaal ®#0i«nti fern* bat 
©nly t®n pairs ®f abdt«inal ©C3®l0»i@ sa®i art ®@®n, n©ne 
©©earring in lb® @l®¥«ntb stgaent. 
fb® baart is f«rji®a by tb® dersal fiiaien of bilateral 
gwmps of ©arditblasti wbieb grew upward® with tb® lateral 
body wall at it ©lot®® ©wr tb® yelk. 
fb® traobaal syst®« is mt. ®oapl«t®d during ©mbryoni® 
m 
iarly iegF«gs1sl©a of gtwa mll» 1« mt appsp?-
' fhewmoblA., ser ai*# th« i»«pi»©att©1ii'r« ©rgaai @0Bi|>i®lta 
b#fei?« hateliiag* 
fii« fert-giit aaa tfe® hlad-gat wp® In ©rlgla, 
as the six lal|>lghiaa fh« ald^gmt «plth#llttia 1# 
f0r»«4 hf yelk ©tils and toy t@t©4«PBal ©ells ppollftratsd 
trm thf ®t©a©a®tia aii4 pi»©©t©d»w. 
fh® a#t#lopa®fit ©f tht ntrreat §y»%m Is TOih Ilk# that 
la ©th«r iai®tt8. fh® a»w©piX« Is mt tersaXly t>y 
gmgllm fflla, "by th@ atariltiaffla. Mtmtmn palrg of 
gaaglla d®irelop la Oa® pair dttelop® In mQh of 
th© thr«t gaathal s«gmmt$, Qm pair la «aGli ©f tht thr®«-
th©r®@le , aM m» pair in emh of th». tltwa ab-
doalaal legatnt©. th« thr®# gnathal gitnglin fmi®, 
M a© th« last fmnf &M©alaal gaaglla. fhtti,; at hatshiag 
th«i»« tj»« tight «Me«inatl ganglia. 
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Piguye 1 
Two ©leava^r:© nuclei reaisMng the ©gg periphery# lot# 
th.« eytoplasmic area that surrounds &mh nucleuii 
ta4 til® ab®®na© of a a®ll wall# Age to 12» hours* 
Section throu^^h the gei« band at 38«* t® S)** hours, 
lot© that a nuoleus is l©®,fing th® gtra band and ent®r» 




tongituiinal section of an egg showing-; & continuous 
bl&stedtimi, with nuclei more ntcaerous at the posterlos* 
dad* 20- to SS-houj'a, X 120. 
Pii-rure 4 
Longitudinal seetion ©f an ©atir# «gg at 25- to t7» 
hours. Sote the single, omfeoidsl layei* of cells .at 




Longitttdiaftl ssotios tteottgh ths «ati» sgg at S6-
fc© is-hotiM,, lot© tb® germ femnd at ths postefi©? 
©nd.* X 140 m 
ffigiiye £ 
Longitu<liiial section through an embrjo ®f 48 houri# 
Note the invagination of tfe,# abdominal loop* X lgO» 
7k 





Ctosa seotlon througb th,© b.®a5 pagloa ©f an ®iibi»yo 
of 41- to 43-houi'S.# lot® ton®.i» lafep of 00IIS 
(the rsesodem}, X 400» 
02»OiS «e©tioa throtigh tli« extrta© 'antea?!©!? ©M of a 
SO*!!©®' aafei*'?©' lot# t.be ^aiialoa 1 jing abo^© tM 




Gross section through the same ^mhwfQ as in Pi£ur© 8# 
posterior to tiie section in Figure Q# Hot© that im 
this region the smnioa does not co¥©r th® ombryo# 
X 400* 
Figurt 3.0 
Cross isetion tiirou^^^h a 50-hour eabrjo {gaathal region). 
Note the mesoderrni separating into rif/nt and left halTtSji 
and tho beginning of the neural j^roo've, ®i© aiHaloa 





t.ottgit«dlnal a. 48»li0«i» ©mtejo# lot® 
tb.® three gaatlial sspteiit®# .X IfO# 
Pigure IE 
lioagltudiiml aectlon thj?oug)i an ©mbryo of 66« t© 68* 
houps. Note the itomodeal lava^:3.nation (afe©ira)t th.® 
<i®®p abdomiaal loop^ th.® preetodtsl ia^agiaatlGa 




Lon^^^itudiiial section throu^n. a 76«' to 78-hotjr ©mbryo# 
Hot© th® se£pnent®i appendages (exeept antenna©), and 
cotlomlo sacs (olear areaa Insld© each @«sa©rit;).* 
X 120. 
Fit.rar© M 
i©ot;ioa tSirowgli 76- to 78«li©ttr tsbfy©# 
lateral 'to th© plise ®f that in Figure IS, to as 
t& show antmnm Ca)f X ItO#' 
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Figure 13 
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Figure 11^ 
I,onr;itacilBal seetion through 1 i abdoialnal region 
of a 76- to '.hour ©abrjo. ^ofc© the coelomic sass 
within eaeh stgaent. X 450. 
Lon£:itudinal section through a 6-day embryo# lot# 
the primordium ©f the small intercalary segiaeiit (i) 
between the labrtia {!) and mandible (m)# X 200# 
Figure 16 
l©dian loBgitMinal seetlon tlnMsugh, » 76* to. 
embryo, lots that th© eabryc) is at the postepi^a? ©ni 
of the ©gg» with, head down, Jiist befsp® blastoklaeii®* 
X 120. 
Pigur® 18 
>Miiiiai»il>glra»ijiMilJ»ij|j^ Miiiii' •Kfltilrarin'ixi 
••{edian lan:;-:itudinal seetion throu^ m lOO-'hotw* embryo# 
ITot© that Just after felAstodinesis til# ®ab?jo li®,i ott 
the ventral aid© of III# egg, with the keai t©«&ris tla« 
anterior end. flote the dorsal organ at tli© aaterl©!? 
end, X 120# 
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 ^ ,' •» > 
'^i4 
Figure 18 
Gross seotion through a 100-hour tabrfo* lot© tht' 
be;;;:-.;o.nlnj;: of dorso-lateral growth of the ©M@g of 
the embryo to effect dorsal olosufs. Co@loale ®aes 
arc beocTnln;;: parti&llj obliterated* X 100# 
Figure to 
Seotion tbpomgh th© dopsul organ of & lOO-liouj? 
embryo, just after blastoktn®»iSt lot® lii© B&rm&l 





Loxi^itudiiial section 'thTMugh. tk@ pleiirodfodiua (p) 
or a 76* to 78-liow ®mb3?jo, ' X 400» 
Flaure 22 
toiit^itudinal section through, th© pXmmpQMma (f) ®f 





nlllllliWIIiMaill'rtw'rilllWiil imnlin -MMMW 
Longitudinal section through tho abdoraen of a 100-
liour OEibrjOi, Kot© the gem cells (g) lying Just wntro* 
ffisdiel to th-d eoeloaic sacs# X. 400# 
24 
Longitudinal section through the sto««d#al lafmginsti®!! 
of a 66- to 68-hour embryo# Z 45©» 
92 
Figure 23 
m- r- ic 
Figure 2ij. 
2S 
Longitudinal s©©tion through, the gteao^ema of a 
100»hour ©mbryo# X 350, 
Plgig#' jg 
Longitudinal seetloa ttoomgh the pi'stadeal in^aginatio.» 
(above) and deep©!* »bi©mlaal Imp ^mi A *76"* t© *?'8«how 





LofiGitudlnal s^otlon ttir-Qugh the stoaiQdetaa tai 




Cpqsm aectloii the pr-eetodetjia of a 6»4®.f 
e»bf}/©* X $00. 
Lonsitadlnal section tbrTOgli tlae pFSjeteAetm ©f a 





Cfoss c?f a 6*iaj emhrjo ttoeugh tJi® prs&t®* 
d©mtt> nsmf its jimetlon witli th.% l@te th® 
b®gtmaiiig ©f on® lalplghlftn tube (aip) • X tSOt 
fiigure 31 
"•r .n»wu>aiWi!""i'">«iJj"'**- wjinjinii 
Cross a«0tioa tlipoiagh the abdoniaal ipegion of a 6»d4j 
©mbryo* Iota tkat the cardioblfta%B (c| liaT® fused t© 




Pi cure 38 
Cross! sestioa tls»ou;jh tbo tliorfei: of s 1.00-»hoMa? 
embryo. lot® tli® neuroblas'ts .and the daaght®!* sells, j: 400. 
Fimx^t 3§ 
Longitudinal section thrdiigli the thf®# thofaele ®$g-
^lonts of a 100-hout? Qmhrjo^ lot® tli® naiarobl&sts 




ioagituclinal sostl©n throurh m. S-daj 
let# the 17 gan^^lii ar® fuied]l » 
•I ISO. 
Figure 35 
toagltMiiml section a 9-(laj embryo, lot© 
the gsaglia (postsrlor abieiaias.! ganglia Imv® fusti). 
X 100.. 
Figure 35 
02?e@s" sectiaa thpouf^ the feli<jpax of # 8-day oi bryO' 
I©t@ the splpacttlar- Inva^jlaatloa (a).#.. X 200, 
WtgoTe if 
Gross section through tha thorax of ma 8-clay ©mbryo, 
IJcto th6 neuroplle (np)# the neurlleiaia (nl), and th® 
iaedl«a nervs str-end (n). X 300, 
106 
Figure 36 
^7  ^ . k i l l  
Figure 37 
Pigur® is 
Cross aeGtlon tMpoiagh the head of a lOO^Jao-nr eiabrjo, 
lot® optic lo"b©g 8,nd sijomodeiiB! X 260* 
Flguy© i9 







Cross section throuj^h the brain of a 6-€fty ©abrj'O, 
Hot© t>i.3 protocerebriufi (pc), the deufcocere'braiB, (#©), 
and tl'ia antermsil nor-%'e (miK X 200, 
pigug® ii \ 
Section throu£li the iHid*g«.t sf & 3.0»day esbr'yo.i. 
Mote th® jolk e©3.1s whidi are just reaching th© 
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